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f ORWARD

This Common Medule Designer’'s Mandbook wes written In order thet users of
Common Moduies and Common Module Therme! Imeging Systems or FLIR's gre pro-
vided with information on the function, theory of opsrstion, interface prod-
lem,, and the meintenance, testing and care of the Common Modules. The U.S.
Army Night Vislon Laboretory (NVL) has successfully developed a number of Com-
mon Modules which when assemblied Into & system cen be used for verious appll-
cotions. The individual FLIR functions have been seperated and unique modules,
that have the flexibility to be used In Therme! Imeging Systems of various
levels of compliexity, setisfy the large majority of Army applications, es
weli as numerous applicetions of the other services. Speciel system unigue

modules can be edded to setisfy specific requirements,

The purpose of the Common Module progrem Is to significently reduce
| the cost of reel time Therme!l lmeging Systems. Guentity production of com-

mon units which satisfy & large number of applicetions will schieve this goel.

A




CHAPTER 1
SECTION
SECTION
SECTION

CHAPTER 2
SECTION
SECTION
SECTION
SECTION

CHAPTER 3
SECTION
SECTION
SECTION
SECTION

CHAPTER &
SECTION
SECTION
SECTION
SECTION

CHAPTER §
SECTION
SECTION
SECTION
SECT JOW

CHAPTER
SECTION
SECTION
SETION
SECTION

CHAPTER 7
SEorion
SECTION
SErviou
SECY T Ix

CHRITER §
SECTIOM
SECTION
SECTIN
SECTION

11
111
v

1l
i
Iv

1
1t
Iv

18
111
Iv

i1
111
Iv

Il
i
Iy

1
111
Iv

TABLE OF CONTENTS

TYPICAL COMMON MODWLE SYSTEM
INTRODUCT ION

FUNCTIONAL DESCRIPTION
SYSTEM DESIuN CONSIDERATION

PREAWPLIFIER, VIDEO, INFRARED
CENERAL DESCRIPTION
FUNCTIONAL DESCREPT[ON
INTERFACE

AL TGNMENT /WAINT ENANCE

POSTAMPLIFIER/CONTROL ORIVER, VIDEO, IR
GENERAL DESCRIPTION

FUNCT IONAL DESCRIPTION

INTERFACE

AL IGNRENT /MAINTERANCE

AUXTLIARY CONTROL, VIDEOD, (NFRARED
GENERAL DESCRIPTION

FUNCTIONAL DESCRIPTION

INTERFACE '
ALTGNMENT /WA INT ENANCE

REGULATZR, DETECTOR BIAS, INFRARED
GENERAL LESCRIPTION

FUNCTIONAL DESCRIPTION

INTERFATE

ALIGNMENT /RAINTENANCE

DC/AC INVEATER F/0 COOLER/INVERTER
GENTRAL DESCRIPTION

FUNCTIONAL DESCRIPYION

INTERFACE

ALTSNMENT /MAINT ENANCE

MODULAR COOLFR P/0 COOLEP /I'v/ERTER
GENCRAL DESCAIPTION

FUNCTIONAL DESCAIPTION

INTERSACE

A IGNMENT /MAL S CNANZE

SCAN AND INTERLACE INFRARED
GEMNERAL DESCAIPTIGN
FULCTIONS I JESCRIPTION
INTERS ACE

AL TGNMENT /MAINTENANCE

o
Q-
5
-81-

-90-

-97-
-105-

113~
“11k-
116
121 -
-129-

-138-
-139-
~tbt-
-150-
-187-

<166~
-167-
-16¢-
N ] 7’-
-178-

-l iB% .
-185-
1)~
."'.

-

-tl\l-
-203-
-210-
-212-
-2 -

-#33-
a3 -
“234-
-242-
“254-




CHAPTER §
SECTION (
SECTION I
S CTIOoN LIt
SECTION IV

CUAPTER 10
SECTION |
SECTION (I
SECTION LI
SECTION IV

CHAPTER 11
SECTION I
SECTION II
SECTION [II
SECTION IV

CHAPTER 12
SECTION [
SECTION 11
SECTION L1I
SECTION IV

CHAPTER 1)
SECTION (
SECTION 1]
SECTION (]I
SECTION IV

APPENDIX I

APPENODIX (I

TABLE OF CONTENTS (Cont.)

COLLIMATOR, VISUAL, INFRARED
GENERAL DESCRIPTION
FUNCTIONAL DESCRIPTION
INTERFACE

AL IGNMENT /MAINTENANCE

IMAGER . OPTICAL, INFRARED
CFIERAL DESCR(PTION
FUNCTIONAL DESCRIPYION
INTERFACE

ALIGWMENT /MAINTED WNCE

SCANNEY | MECAANICAL, INFRARED
GENERAL DESCRIPTION
FUNCTIONAL DESCAIPTION
INTERFACE

ALIGNMENT /MAINTENANCE

DETECTOR/OEWAR INFRARED
GENERAL DESCRIPTION
FUNCTIOMAL DESCRIPTION
INTERFACE

ALIGNMENT /MAINTEANCE

LIGHT EMITTING DIODE ARRAY, (R
GENERAL DESCTIPTION
FUNCTIONAL DESCRIPTION
INTERFACE

AL IGNMENT /WA INTENANCE

THE EFPECT OF ATMOSPHERE ON ENERGY TRANSMISS [ON

ULTIMATE PERFORMANCE OF AN ELEMENTAL DETECTOR
VIEWING A BAR PATTERN

-266.
-267-
-170-
-272-
-581.

-291.
- 294
-296-
- 302.

-306-
-307-

-308
-318

bq




CHAPTER
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SECTION |
INTROOUCT ION

1.1 GENERAL

" This designars hendbook was prepared under Contract No. DAAGS3-75-C-0178
by Philips Audio Video System Corp., Government Systems Division, Mahmeh,
New Jersey for the Night Vision Laboratory, Fort Beivoir, Virginia.

1.2 PURPOSE AND SCOPE

The purpose of this manuel is to provide Information that will ald the
system designar in designing o Forward Looking Infrared (FLIR) or Thermal
Imaging System .sing the common moduies.

Chagter | provides design information on 8 Ytypical® system based on
the use of common moduies. This includes e functional description of »
typical common moduie system and ¢ system thermal discussion.

Chapters 2 through 1) provide deteiied design information on each of the
common modules. ltems discussed inciude, general description, technical
specifications, theory of operation, eloctricel and mechanical interface
informetion, design limitetions, end alignment/maintenence Information.
Schematic diasgrems, hiock diegrems, outline drawings and photographs of
the modules are included. \/

The cummon modules Incliuded In this manual are o3 folilows:

Chagtar Medule USAECON #/N

2 Presmplifier, Video, Infrared SM-0-773663
3 Postampiifier/Controil Oriver,

Video, Infrared SM-0-773900
b Auxiiiary Controi, Video,

Infrared SM-0-773896
5 Regulator, Bies, Infrared SM-0-77391k
é 0C/AC Inverter Assembly $H-0-77341)

(P/0 Cooier/Inverter, Infrared)
7 Modular Cooler Assembiy $M-0-7736A3

(P/0 Cooler/lnverter, Infrared)

-z(,-
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Chagia’ Nodile
8 Scan and Interlace, Infrered (60M2)
9 Collimator, Visual, Infrered
10 Imeger, Optical, Infrered
" Scenner, Mechenicel, Infrared
12 Detector/Dewesr, Infrered
13 Light Emitcing Diode Arrey, Infrered

USAECON P/N

$H-0-7730894
SK-0-773397
SH-D-773419
SM-0-773885
$M-0-77378)
$M-0-773638

The following is & list of the modulas and eppliceble specification:
Sescificetion

Module

Scanner, Mechanicai IR
Scen & Interlece IR
Collimator, Visual IR
Preemplifier, Video IR
Post Amplifier, Video IR
Auxiliery Control, Video IR
Bies Regulstor, IR
Imager, Opticel IR
Moduler Cooler
Detector/Dewer IR

Light Emitting Diode

82-28A050107
82-28A050120
82-28A050105
82-28A050106
82-28A050116
82-28A050117
82-28A050118
82-28A050104
82-28A050108
82 -28A050102
82-28A05010)







SECTION 1

FUNCTJONAL DESCRIPTION
2.0 TYPICAL COMNON WOOULE SYSTEM

A functional description of a typical common moduie system as shwn in
the biock diegram of Fijure 2-| foliows. Infrered energy from the viewed scene
is recieved by en afocel, magnifying, Iinfrared lens having 3:1 step zo00m cap-
sbility. A recollimated beam from the afocal lens Impinges on the front-sur-
foced gless mirror of the scenner module. The energy is reflected to the IR
imaging moduile which focusses it on the detector arrey. The common module
elements. starting from the output of the afocal lens form » fixed electro-
optical system since the physical dimensions of the common module elaments
are themselves fixed. Summarizing briefiy; the elemants sre as fol lows:

(1) Qstector. Array of 180 verticelly orlented elements of Mercury Cedmium
Telluride (MgldTe). The array is formetted for @ 2:1 interlace. The
spectral bend is 7.5 to 12.0 micror.

(2) I8 isager
o Effective focai length - 2.669 In.

o F/Rumbar - with no external stop the f/nusber is f/1.6, set by the

sparture of the first lens element

e Field of View - sufficlent to ti1] o fileld of view of 6.89° (correspond-

ing to B0 detector elements or 160 resviution elements taking the 2
to/! interlace into account).

(3' Scanagr: The wechericel oscillation of the mirrar can de adjusted to give

on active scen angle wp to 10° (5° (o eech side of center), with o scen ef-

ficlancy of at leest 70U as described in the 82 specification
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(&) Scan and Interiagce Electronics

Provides mirror motion drive. At the end of each scan the scen mirror
nods about an anis which Is 3J0° off the verticai. This motion provides
the required interlace through a vertical tilt. A horizental component
derived from the nodding motion provides horizontal trenslation of the

phase lens to correct for electronic phase shifts in the detector

signal channels.

Coplar: The detectors are cooled to approximstely 77°K by a Stirling
cycle cooler operating from 115 volts, LOO Mz,

Preamplifigr The presmplifier modules provide o gain of 70 volts/volt.
The electrical signal from esch detector is AL coupled to a low noise
presmplifier. Thera ere 20 preamplifier channels per card.

Post amplifigcs The post smpiifiers conmsist of 3 capacitively coupled
stages . The first two stages have electronically controlled gain and
polarity. A potentiomeier "etweer the electrically identical

first and second stages is adjusted to normel ize detector responsivity
variations. Gain control end polarity reversal commands are provides
to thex for all channels in parallel by means of the auxiliary control
module. In combination, gain control commends ' and 2 provide a gain
(contrast) variation of 30 ¢8. The gain command | circuitry also pro-
vide temperature compensation to assure gain stabiiity over verying
temperature conditions. The third stage of esach circuit is the LED
driver. The B( level of the output of this stage is electrically con-
trolied to provide display brightness control and end-of -scan blenking.

LEC Dispigy: Outputs from the Post Ampiifier boards are fed to the

LED moduie. Resistors are contained within the LED module in series




with esch LED to normaiize the brightness of esch siement, essur-
I ing displey uniformity. Visible light from the LED module is col-
i limated by the Visuei Coliimstor moduie. The collimsted beam |3
l passed thmugh s phese iens to the beck of the scen mirror.
| (9) jmags Intensifier  Since there is e one-to-one correspondence betwsen
I the detector elements and the LED displey eclements, end since both the
scene end the lisplay are scanned by the same amairror, & visual represent-
ation oy the Infrared scane |s imaged on the fece of the |asge Intensifler
tube. After Intemsification the image s viewed through e bioculer eye-
piece. The purpose of the phase lens, which moves with the outer (inter-

lace) gimbal of the scanner, is to optically correct for phase |itter of

tne [Image walch occurs due to the beck end forth scan and finite electronic

bendwi dth.

It should de ~.ted that the Image Intensifler shown In this typical system £
Is not needas in all systems., The visual imege may be focused on the target

of & TV camers tube for use with. ¢ TV displey system. [f direct viewing Is

desi rad snd the image (3 bright enough tc mest the particular system re-

quirement without intensification, en eyepieve end visible Imaging optics

can be designed for use without en Intensifler.
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2.2 QPTIGAL SYSTEM

The optical systes i« designed to provide a two dimensional infrared
scan in the 7.5 to 12 micron region and to present a converted visual image
of the infrared scene to an observer. Figure 2-2is an isametric iifustration
of a thermal viewer utiiizing ali the optical eiements of the common moduie.
Th: first eiement in the system is a coliector iens wnich will define the
effective f/number of the infrared opticai subsystem. In many appiications
a change of magnification is required, for wide field and narrow fieid viewing
appiications. Since the sc>a mirror requires & paraiiel bundie of rays, the
front end eiements must be an afocal design. A simple two step Zoom lens can
be accompiished by moving one of the iens elements comprising the afocal sub-
system,

The scan mirror is a two sided mirror which osciliates in the azimuthal
direction. The Infrared imager coliects the collimated scanned bundie and
focusses the IR energy on the 180 eiement [inear detector array. The de-
tector is fabricated from eiements of HgCdTe. Each vertical eleme ¢ s
foliowed by a blank space for interiacing purposes. Interlacing is ac-

compiished by a vertical displacament ol the mirrar. The dispiacament magni-

tude corresponds to 8 single detector element. A bidirectionai scanning
acclon is obtained by observing the IR scan on the forwerd end return
cycles of the mirror. During the return cycie the mirror Is deflected

in elevation to effect the interiace scan. Severa! possibie scan motions

a2 1 shown in Figure 2-3. Figure 2-3a is a 2 to | forward interisce. Flgure
2-3b is a 2 to | reverse interisce and Figure 2-3c is a ! to | interiace.
The | to | interiace differs from the 2 to | interiace in that the mirror i3

displaced In the elevation direction after a compiete mirror osciiiation

ycle.
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Scan Interlace Configurations
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The bidirectional scan mirror is an excellent wey to optimize scen effici-

ancy but it I+ not without its attendant problems. Elactronic phase shift

in the amplifiar chain is proportional to fraquency, and will resuit in an
information deley at the cutput. The phese deley provided by scanning o
single point source in & single scan line is shown in Figure 2-4, The ra-

verse scan accentuatas the delay b, o factor of 2 and would ceusa considersbla

[ blurring of the picture without soms maens of compensation. Phase shift comper.- |
| setion is provided optically by & ghese shift lens which is o week lens mechenical- |
|

ly oscillatead in o small lateral shift in the azimuth 4icection by means of o ‘

mechanical linkage actuated at the two end scan points of the mirror., Since
the phase shift lens will couse o sliight beam divergence, & nuilifiar fans is

used tu racollimats the optical bundie.

Each of the detactor aiements as it s scenned over the fiald of view
by the scenner mirror, generates s signal representative of & single scen
line in the picturs raster. Ths signels ars amplified sufficiently te drive
on LED linear arrey with a number of vertical alements identical to thet of
the detector array. Light from the LED array is collacted by & visual colli-
mating lens which directs thy rasulting parailel light rays to the reverse
side of the scan mirror. This visual analog of the scanned IR scene will be
presented to & viewer observing the scanned LED arrey. In order to obtain en
erect image with proper left to right oriantation, for the final output view-
| ing, the antirs opticel! train in both the infrarad and visual portions must be ‘
svaminad from the stand point of imege inversions, and raversions due to len-

ses and mirrors, It shouid be bdorne in vind in designing any system that o |

relay or raimaging ians rasults in inverting, and reverting the imege. A
singie 90° mirror fold changes laft/right into up/down, and s periscope

action or two successive 90° folds, results in the proper up/down and laft/




- PHASE SMIFT COMPENSATION INTERNAL

Figure 2-4 Phase Shift Resulting from Forward and Reverse Scon




and left/right orientetion. In the systen shawn, use is made of e pente-
prism which devietes the iine of sight by 90° without inverting or reversing
the image. It eiso has the volusble property of being e constant devietion
prism, in thet it devietes the Iine of sight through the source engle regerd-
less of its orientetion to the line of sight. The pente-prism is used where
it is desirebie to produce ¢ 9N° devietion, without having to orient the
prism precisely.

Figure25 is a schematic configuraticn of the physical configuration
described ebove which provides e veliusbie key toward understending the ection
of the various camponents of the system,

e final viewing is done through en eyepiece mounted et the reer en-
trance of the IR imager. In most sppiications it wiil be importent for the
viewer to cbsarve the terget by looking through the eyepiece in e straight
sheed menner 3o that .tto up/down and laft/right ere an exact cor._letion

of the terget scens. Figure2®summierizes the optical principias es dis-
cussed in the fcregoing test.

L

o

L

———n e 7

‘4.. gu—
P e

e,  gesvem.  pieee. i, sl snsmms. Sowe. fee. . emm TR






Figure 2-6

Principle of Operation of Typical Optical Elements
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2.3 IMAGE PRESENTATION ANALYSLS

In & compiax opticai system consisting of & number of lans and mirror
elecments with sevaral path deviations, an anaiysis of the image presentation
at the output in terms of inversions, and revursions must ba dsterminad.
Fioure 2-7 shows the infrared portion of a typical infrared night sight
wnich scans up through a periscope. The tachnique used for image prasenta-
tirn is to first fayout & schematic showing the 1ight path as divartad by the
non-power surfaces such as & mirrcror o prism. A ieft/right and up/down ar-
ro- diagrem should be thus traced through the system. Next the lanses or
mirrors which resuit in changing the beam divargence ara insarted.

in the system shown in Figure 2-7 There i3 no image parturbation by
the gailiiean afocallens since its function is to produce s magnificatior of
coliimated space for the scanner proportionsl to the afocal reduction., How-
aver the imaging fans produzes a single invarsion and revarsion of the imege.

The effect of the visual optical system of Figure 2-8wiii now be anal-
yied. Wa start by fixing the azimuth ond eievetion directions in object
spece 83 shawn by the arrows. Agein wa determine the affect of the non-pow-
er path diverting devices without the lenses in piace. The collimeting and
imaging fens act as & single reiay ians and produce both inversion and reversion
of the image. Thus an erector iens is required for proper lmage presentation
to 72 viewer observing through the eyepiace.

2.).V NUMERICAL EXAMPLE OF SYSTEM USING COMMON MODWLES

An sxemple of a typical system using the commorn moduies (s prasented in
orcar to datarmine some of the numerical optical ralastionships which must
be taken into account. The viewer is to observe a scene which has a high and

low magnification or narrow field and wide fiaid of view. The high megnifi-

-17-
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cotion will be approximately 9.8X end the low mang!ficetion 3.3X. The
sconned flelds of view In object space are:

Nerrow fileld - l.S° elevation
¥ szimuth

Vide field - 4.5° glevation
9°  azimuth

The constants in the system are defined by the common module elements:

LED array - .0375° = .00375

IR imager - 2.5 clesr aperture - 13t clament
2.669' focal length

Visual col- - 1.58" clear aperture - I3t element

| imator 2.669'' focal length

Physical anguler excursion of mirror = 6.75°,

2.3.2 AFOCAL DESIGN PARAMETER

The design parsmeters of the afoca! syste- will determine the focal
length and clear aperture of the entrance pupli. A f/1.9 system as an ex-
emple requires the exit pupil of the afocal tc be 2.668/1.9 = | . &', in
the narrow FOV the afocal has 4.5X magnificotion given as 6.3 diameter
entrance pupil. The wide FOV is 1.5X giving @ 2.1' diameter entrance pupll.
Assoutior - To obtain engular resolution in scenner space we calculate the
detector element angular subtense in the focal length of the IR imager.

Resolution = %&L‘ . In object spacs the angular sub-

tense of the resolution is divided by the zoom magnification or

W e NFOV resolution
w » WFOV resolution.




2.3.3 EYEPIECE ANGUI AR SUBTENSE
The diagonal element in the scan field of 3° AZ » 1.5° gL is 3.35°
n the narrow field. The eyepiece must be usable to an angle of 9.8 x 3. 08"
32.8°
2.3.h Figure 2-5 presents @ typical optical system
2.3.5 OIFFRACTION LIMIT
The diffraction limit defines the maximum resolutior that can be ob-
tained with an optical system. The best angular resclution that caer be
achieved |s given by 9 = fk('J—““Aur in terms of the focal length end F/#
g- 5—;—‘:—'—" The F/# of the system is defined by the system optics
The F/# of the example system is F/1.9. The middle wavelength is 10 microns
or | x IOJ‘ and the fczal length is 6.78 om. The diffraction limit is thus

2.4 x 1073 5 .9

- F '3
é : 6,% “ = 10 rad.

For the narrow field of view the afocal magnification is 4. SX and the
diffraction limit is 0.15 x 1073 rad. The WFCV has o magnficetion of |.5K

giving & diffraction limit of 0.45 x 1073 ree.
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.4 FLIR PERFORMANCE REQUIREMENTS
2.4,1 ESTABLISHMENT OF SCENARIOS

Therma| Imaging Systemsor FLIR's are commonly used to detect, recognize
and identify miiitary threats under cover of darkness. For this handbook, we
have considered [ikely targets to ranges of up to 9 kilometers.

Afthough there are many possibie scenarios, there are always two critical
parameters which impose certain requirements on the design of a FLIR: cthe
charscteristics of the target and of the intervening medium (atmosphere).

In this section we discuss the manner in which these paramaters affect the
design of the sensor in terms of required resoiution and sensitivity.
2.4.2 SCENE CONTRAST

Emissivity Oifferences

Table 2-1 shows the emissivity of common terrain features in the visibie,
airgiow, near IR (3 - S aicrons), and far IR (B8 - 14 microns). [In generel,
objects becoms more emissive and hence iess refiective as wavelength is in-
creased.

It can be seen that emissivity vaiuves in the 3 - § sicron region range
from spproximateiy 0.8 to | and in the 8 - 16 micron region, they range from
0.95 20 1. [If an opaque target (transmissivity = 0) is at the seme tempera-
ture as its background and the background has unit emissivity, the rarget will
nct be visibie against the background, na matter what the target emissivity
is. The enissive radiance of the target s decreased by decreasing the emis-
sivity, and the radiance of the background reflected from the target wiil in-
crease |ust enough to make the target as bright as the background, since the

‘eflection coefficient = 1 - € , where € = enissivity,
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If the target is hotter then the background, the effective temperature
difference, to a first spproximation, will be *he actua! tempersture differ-
ence decreased by the emissivity of the terget.

It is assumad in these anaiyses thet all emissivities equal 1.0. There-
fore, the temperature dlffcloAcos used may be optimistic by sbout 20 percent
Iinthe 3 - 5 micron renge, by 5 percent in the 8 - 12 micron renge.

It should be noted that low emissivity materials such as polished metals
may have emissivities as fow as 10 - 15 percent. However, most objects encount-
ered on the battiefield will be dirty, so thet their emissivity will spproech
those given in Table 2-1.

Tempereture Oiffecences

Temperature di fferences in the infrared may vary from 0°R to tens of de-
grees depending on conditions. For example, If o tenk is exposed tu the ele-
ments, not operating, and out of the sun for several hours, there is essen-
tiaily no tempersture difference between the tank and its background. MHow-
ev:.r, [f the tank has been operating, the tread and engine compartments msy
heat up to 10 - 20° sbove smbient, while the exheust pipe mey be 100° above
amblent and the turret still at ambient. [f the cannon hes been fired, it
too may be 100° sbove ambient. Therefore, the target signature, or the tar-
get scene tempereture difference, myst be trested as & verlable.

Sgeng Energy Contant

Figure 2-10 shows netural iilumination ievels and the rediance of a )00°
bisckbody. It can be seen that the number of photons avelilable for imaging
in the Infrared (3-5 pm or B-14) far exceeds that avelisble for the visible
even In full moonlight. However, it is not so much the magnitude of the photon

flux which concerns us, but rather the 4ifference between the amount caming
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from the terget and the smount from the background which will determine how
cliearly the terget will be perceived.

As mentioned eariier, this difference is determined primerily by the dif-
ference in reflection coefficients in the visible, and by tempereture differ-
ence In the IR,

Figure 2-11 shaws the different ial spectrei redience for e one degree
temperature d.fference. Differential spectral redisnce in the 8 - 1k ya
band is an order of megnitude higher than in the 3 - S um bend. This does
not mean that operetion in the 8 - 14 um region is en order of megnitude
better then in the 3 - 5 us region.

So far, we heve considered only signail and not noise. The wagnitude of
the rediance levels are so lerge thet stetisticel fluctwations become com-
parable to the differentiel redionce providing signal. Figure 2-12 shg=s
S/N as 4 function of wavelength with the stetistical fluctuation of the
signal as the soie noise sourcs.

It can now be seen thet the beckground $/N reeches ¢ maximus st 8 p= ond
thet the S/N in the 8 - 1k sm reglion is lerger then in the 3 - 5 pm region
for tergets et epproximately JOO'K, Mowsver, es shown in the next section
that weather effects are less severe in the 8 - 14 ym region than in the
3 -5 um region.

In generei, at long renges or in foul weether, when weeiher substeatiel-
ly degrades signai, the 8 - & ym region will perform much better then the
T -5 pm region. At close renges or in ciesr wsether operation et 8 to I sm
is oniy slightly better.

2.6.3 ATNCSPHERIC TRANSHISS ION

Loss of energy end contrast caused by the etmosphere stems ‘rom two me-

rhenisms , sbsorption and scattering.
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Adsorption is dus to resonsnce of photon anergy (ralated to wevelength
by hc/ ) Jwith anergy leval diffarences in atmospheric constituents. There-
fora, sbsorption is discontinuous in wavelangth and shows no genersl trend
with wevelongth. There ars, however, ragions whare there is littls resonsnt
adsorption; thess are callad stmospheric windows .

Scattaring diffars from sbsorption in thet it does not axtract emergy
from the signa! but merely redistridutas it. The effact is essentially the
same as sbsorption, since the energy which is scattered out of the flald of
view of tha sensor is lost to It. Muitiple scattaring will causs & point
source to look [ike a disc, hence decreesing rasoiution. This effect of
suitiple scattaring, becouss it Is smell, s ignored in this analysis. Ap-
pendix | contains an snalysis of the affacts of stmosphers on anergy trans-
oissiovs.

Scattaring Is continuous with wevelangth and depends on the size of the
scattaring particle. Whan the perticla is much larger than » weveiength (Mie
scattering) the scattaring is uniform with wavelength. This is the case of
visidbia Iight scattared by a fog; the scattered iight is white., As the scatt-
aring particie becomes smellar then s waveliongth the scattaring coofficient
drops vary repidly with wavelength, approsching a |/ LY reiationship (Reyieigh
scattaring.) This is the case, for exampla, of air moleculas scattaring vis-
idble light, the scattared light sppears blue. Figure 2-1) shows the particle
size distribution for haze and foa. The pesk for both distridutions sppesrs
to be about 2 - ) microns. Therafore, ome would axpect the scattaring coef-
ficiant for fog and haze to be roughly constant (Mie scattaring) for weve-
langths shortar then the pesk at 2 - ) microns, and to fall off sharply for
wavelengths beyond the pesk,

Figure 2-14 shows the scattering coefficient of several types of fogs.
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Note that the behavior of stable fogs sgree extremely wall with that predicted
sbove. The curves used toc gensrats the dete for this study are those labeled
selective. These are characteristic of artificial smoke (e.g., bettiefield
smoke) as well a8 certain fogs. The thrae conditions are displayed as light,
eediun and heavy fog. Had the stabls cases been used rather than the selective
case the stmospheric sttanuetion would appesr less savere for all wavelengths.
However, the visible through } micron region would improve for mors then the
10 micron region.

Figure 2-15 gives the scattaring coefficient for the hate considered.
Figure 2-16 through 2-20 show atmospleric transmission as a function of
range and weather conditions. Note that In the infrared there are two regions
of little atmospheric attentuction, } - 5 micron end 8 - 1k micron. Table
2-2 shows the relative frequency of occurrence of vericus night viewing con-

ditions in the Eastern Unitad States.

JABLE 2-2

Average Frobebiiity of
Atmospheric Scattaring Occurrence in
Condition A Ly Easterp U,5,*
Clear Air 3 x 10 5 /matar .25
Haze (Light) § x 10°%/mever ko
Haze 2 x 10" /meter .80
Light Fog ' 10" /meter .90
De~se Fog b x 10" /meter .98

“This probebliliity is the percentage of night viewing time when

tne givan, or better (i.a., lower), value of scattering coefficient
can be obteined. Thus 80 percent of the time the scattering co-
efficiant would be bettar then (less than) 2 x 10-)/meter (haze).
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Johnson suggested that for purpose of perception, s complex terget
mey be replieced by en equivelent ber patte.n of frequency determined by
Tabie 2-3 and an overail aspect retio determined by the nature of the terget.
The bar pattern must have the sema contrest snd inherent S/N retio as the
original terget with respect to its background. The sensor must now produce
in 8 single bar at the dispiay & S/N ratio equal to the value shown in Teble
2-) for & S0 percent probebility of perception. Probsbility of detection vs.
normaiized S/N is shown in Figure 2-21,

Exper iments heve shown that when this procedure is followed for visibie
Tight systems, the calculeted probedility of perception for the target equive-
lent bar pattern is within 10 percent of thet msesured for the actus! terget.
2.6.5 SENSOR RESOLUTION REQIRENRENTS - INFRARED

Since the resolution end sensitivity have historicelly chersctericed by
seperate paramaters, we will trest them separetely in this report, recogn-
izing, however, thet they are fundementally equivelent.

An estimete of the required sensor resolution mey be obtsined using the
Johnson criterion and replecing the terget by a bar pattern of frequency
given in Teble 2-3. The probiem now reduces to detecting the ber pattern,

In choosing the size of & sensor resolution element to best detect e
ber pattern there are two conflic ing considerstions:

1. The lerger the element size, the larger the throughput
in the element when looking et en extended source.

2. The larger the element size the smeller the NTF, | .e., the
more ditficult It is to see contrest betwesen the bleck and
white bers.
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TABLE 2-3

BEST ESTIMATE OF THRESHOLD FOR DETeCTION,
RECOGNITION AND IDENTIFI OF InAGES

kg Threshold SMRg] for
TV Lines Spatiel Frequency (Line/Pict. Mt.)

per
Oiscriminetion Ninimon of f
__Lavel Sechground  Dimemsion 100 0 300 10
Detection Uni forme ' o9 2l - » L
Betection Clutter 2 L.8 2.9 2.% 2.%
Recognition Uni form 8 4.8 .9 2.5 2.9 [
Recognition Clutter 8 6.4 3.9 3.b 3.4 i
Identification Unifora 13 5.8 3.6 3.0 3.0 L
1
“Treoted o8 an Ageriodic Object.
&2-
I
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It is shown in Appendix Il that the optimun detector size for o
perfect scanning system is the width of @ black bar. The detector size ot
which the dleck and white ders are indistinguishebie (MTF « Q) is the width
of 2 black plus & white dbar. The optimum resolution for an imperfect sensor
I's somewhere between these two limits, Figure 2-22 shows the optimus de-
tector size for various tergets as a function of renge for both detection
and recognition.
2.4.5.1 Semsitivity Requiressnts

It is essumed that the sensor must be able to provide the display S/N

dicteated by the Johnson criterion st the requi rgd spatial frequency as shown
in Teble 2-3.

Appendix | shows thet the semitivity required of o device to perceive
8 given target contrast or tempersture diffarance et the scene is & function
of stmospheric conditions end thet the effect of atmosphers is to degrede ]
tempersturs differance. Thus, {f & temperature diffarence of 10°K axists |
between 2 target snd its background end the stmospheric trensmission between
the targst and sensor Is 0.1, then the sensor must be sble to detact o !°K
temperature diffarence. This spprosch |s somewhst optimistic, since the
analysis of Appendix | considers only energy losses from adsorption snd scatt-
ering. (As pointed out eerlier, it does not corsider thet multiple scetter-
ing couses & dlurring of & point source #s wel) as energy loss and, thare-
fore, @ degredetion in MTF,

Figure 2-23 to 2-26 shoxe, the required sensitivity for an effactive
scene diffarance of 10°K a3 & function of stmospheric conditions end weve-

langth dands.
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2.4.6 PERFORMANCE OF AN IDEAL SYSTEM

The performence of an idea! non-integreting passive system |3 derlved
in Appendix Il and presented in Figures 2-27 - 2-33.

This formulation represents the ultimate performance of a single ele-
ment sensor System optimized to perceive a terget at a given range. It should
be emphasized that the instentansous FOV /s optimized at eech renge as dictated
in Appendix 11, so that the curves shewing performance as o function of range
should not be interpreted as the performence achievadle by a single system,
but rather the locus of the best performance of optimized systems st aech
renge .

Figure 2-27 shows the minimum effect!ve scene temperature difference
required for target recognition by @ } - § micron system.

This system has & single element detector, !° FOV k6 and 2 high collect-
ing optics. The optical MTF is normalized to umity.

Figure 2-28 shows the performance of the corresponding 8 - V& micron
system, also ignoring MTF,

Figures 229, 2-30 and 2-3! prpvide myltiplicative factors for the

imum resoivable temperature If one wishes to use 2 fleld of view or collect-
ing uptics other than 1° FOV, or 2 Inches diameter, or more than & single de-
tector, respectively., Figures 2-32 and 2-33 provide the informstion neces-
sary to compute the optics MTF

The T sensor is computed as follows:

F Fs F
Teensor = Tnorm semsor * N . .
MTF
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where:

A 10@1- sensor —@» This is the ﬁnlMA T obtained from the
normelized sensor (see Figure 227 or 2-28)

factor thet accounts for field of view (see
Figure 2-29

factor that accounts for optics dismeter
(see Figure 2-30)

factor that sccounts number of detected
eioments (see Figure 2-32)

EER

uTF Modulation Transfer Function of Optics (see

Figure 2-32 and Figure 2-33)
2.5 PMASE SHIFT COMMECTION AND RESIDUAL PHASE SHIFT WTF
2.5.1 GENERAL
Back and forth scen systems with interiace are prone to dispiey verti-

cal lines with stagger |f some form of phase shift correction is not empioyed.
It can be shown that the effect of a phese shift (D in the channe! emplifiers
is to degrade the system NTF by a factor cos @ Cleariy, it is desiradle to
-ﬂnb as small as possible over the entire spatial frequency range of an imsg-
ing system. One method of doing this is to make use of the fact that the phase
shift produced by an smplifier is roughly proportionsl to the frequency.

For a signel izput to the channel ampliifiers of sin (/%) the output

will be sin ((L/x .¢)_ This may aiso be written as

sin [U(x - x (J)]

where < a/), the spparent displacement for spatial frequency (/ is given by

« W) - P

1f ¢ were precisely proportional to the frequency, then uM would

be Independent of the frequency and the image would appear sharp dbut displaced.

it would heve opposite dispiacement for the other scan direction and, for inter-

laced systems |ike those buiit with common moduies, wouid produce a staggered




vertical image from a straight verticel object. This image would appaar u
wider to an MTF measuring devicae, and this is what causes tha system KTF L

to be degrade 'y the cosine fector,

Phase shift can be corrected by introducing displacements into the t
display device which will bring the images of the two intariaced fialds beck
into Iine. In the common moduies syster this s dona by mesns of a iens 'l,]
in the interlace gimbel placed 3o that it moves very siightly from side to i

side, displacing the image in different directions depending on which inter-
lace is baing scenned.

In reality, ¢ is an arc tangent function of frequency end not exsctly
proportional to W. Also, there are variations betwean detectors and empiifiers,
which change the amount of phese shift, and hence apparent displacement, be-
tween cheannels. The phose shift lans can produce only one displacement f.or all

'
frequenc.es and channels, 30 the megnitude of this corraction should be chosen '
to produce a sort of medien displacement, thus minimizing the diffarences to 1

sach axtrems,

The apparent displacements due to two channels, one at esach (imit of
high-cut frequency tolerance and aach couplied to detectors of different time
constants, reprasent the worst cass limits.

The MTF due to the phase shift aftar correction Is then

Y” &/)) = cos @-Uu.)
where Xe Is the displacement produced by tha phase shift lens for one Intarlaece

{or half the peak-to-peak displacement between Interiacas).
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2.5.2  AVEMAGE VS, WORST CACE PWASE SWIFTS

An MTF or MAT measurement involves severa! channels, not all (or
not sny) of which mey be worst case chamnels.

We may sssume that the effective phase shift will fall closer to the
nominal phase shift than the worst cese tolersnce values. Assume the aversge
toleranc : as being some fector Y times the maximum, Now, one must establish
the velve of Wwhich would represent a resl situation as far as the distribution
of pole frequencies Is concerned. [f we assume that the distribution of fre-
quencies Is Gaussisn and that 95 percent of the ares under the Gaussian falls
within the tolerances on the frequencies, then S50 percent of the ares under the
curve Is contalined between limits which are spproximately one-third of these
tolerances. The residual phese shift MTF will be colcu-
loted for hi-cut frequency limits which are one half the specified tolerance
limits (T = 0.5). The detector time constant limits will be taken to be one
and four microseconds. The larger of the aversge residual apparent displace-
ments will be converted to phase shift and used o3 the argument of the MNTF co-
sine factor when calculating system MTF, Table 2<4 gives the resultant hi-cut
frequenclies In kMz and equivalent spatis! frequencies for o 3O freme/sec scan
rote.

TABLE 2-4

TYPICAL "AVERAGE'' ELECTROMIC HIGH-CUT FREQUENCIES
WHICH DETERMINE RESIOUAL PHASE SHIFT MTF-SCAN RATE = 30 FRAMES/SEC

Nl Phase Shift Lo Phase Shift
Chenne! Nominal Channe | Channe!
Anz) f(cycles/me) | (W2)  (cysles/mr) | (kM) (cycles/mr)
Detector 39.8 0.7 63.6 17.2 159 4
Preamp 92.5 2% 108 28.4 117.5 31.8
Post Amp 90 26,4 1Mo 29.8 130 38




The spparent displacements due to phase shift in thesa chennels are

plottad In Figura 2-34 along with worst case high end low displacements end the

i displacement for a nominal channgl coupled to a 2.5 microsecond detector.

The horizontal line at 0.125 x OAS is the displacement salected to
} be removed by tha phase shift lens. No spparent displacement for any chen-
ﬂ nel is more than 0.25 x DAS away from this correction [ine. As another ad-
vantage, this amount of correction tends to make the worst case displace-
ments approximately equal! for high MAT spetial! frequancies. This meens thet
the back scan and the forth scen wiill be in reglister for this freguency, which
is likely to be the most critical when measuring MAT,
Figure 2-35 is a plot of the NTF caused by the residual phasa shife,
the difference between the spparent displacement caused by the residual phese

shift lens and the displacement of an aversge chamnal. This hes bean spproxi-

mated by the phase shift equivalent of a constant displacement |ndependent

r of frequency (0.45 “OAS). This leads to & residual phase shift MTF of

T (f) = cos (27T ¢ (0.45 +~DAS))

I where f Is now an object speca frequercy.
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MTF Caused by Residual Phase Shift Vs. Reduced
Spatial Frequency. ODashed line shows aspproximate
MTF due to phase shift |f no phase shift correction
is used.




2.5 FY AT

Figure2)6 is a simplified drawing of the mechanical scanmer. The
mechanical scannor serves a dual purpo.e; scan of the IR dbeam on one side of
the mirror, and synchronized scan of the visidle display via the opposite sur-
face of the mirror. The scanner hes two gimbal axes, the azimuth scan axis and
the elevation interlace axis. Since the scan mirror motion is back and forth
in azimuth, time delays in the signal processing electronics (phase shift) will
nis-register the images scanned in opposite directions. Incorporaticn of a
phase shift lens in the visible optical path corrects this shift., [n effect,
motion of the phase shift lens produces an optical shift of correct magnitude
to produce registry of the images when scanned in both directions.

The phase shift lens is mounted on the elevation interiace gimbal.
As can be seen by Figure 2-36(8) § rotation of the elevation interisce gimbal can
be resolved into motions (X and ﬁ. which correspond to azimuth and elevation
respectively, The motion of the phase shift lens in azimuth can be expressed
#s rO. Since ali other optical lenses in the visible optical train are fimed,
r(X motion of the lens produces an opticadl shift in azimuth, The magnitude
natural |y depends upon the parsmeters as shown in Flgure 2-36(8), distance r, and

focal length of the phase shift lens. Varying the focel length of the phase

shift lens can accommodate any desired combination of scan rate and scen angle.
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The elevation motion is determined by the inter!sce re-

quirements of the IR detector asrray.

Figure 2-37
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Consider o small rotation of the Iine oboa¢. soving point A

3

ton QX = &1 or 1.5 (X —I—
Wb Sian s
1,155 OX = f— c2f o0 x - 1.mf
l.“¢'-f-2/30r¢ 2.00 3

Referring to Figure 236 the relationship of image motion on both IR
side and visible side is I:) with /9.-.4 2:1 wiehQX .
Hence: ¢ e 2 ﬂ. - lﬂ
"
L T SRR TN L R WY
Yo know from Figure l-”(ﬂ)i’ 20,75 ar =

to A', & distence X

Then: ten @) - L*,L or 1.00 @

Assume ¢ In Figure 2-36(8) = 1,200 Inch,

mence: P = 20 25075 < 1.50 mr
#X" o 60 F o 3464 x 0.75 mc = 2,60 Ar
rX = 1.2 x 1.732 x 0.00075/Inch = 0.00156"

Figuras 2-38, 2-39 and 240 grephicel'y illustrets the principie of
operation of tha phase shift lens, Since it is located In the colliimated beam, o

*1t should be noted that in actusl opereticn (X" is concalied by en equel
and opposite motion (X . See Figure 2-36.







displacement produces an sngular displacement of the collimated beam, It
will bc noted thet an opposite and equal power lens s used to nulllfy the
power of the lens on the coilimated opticel beam. The nullifying lens i
naturelly not attached to the phase shifting lens end hence stoys fined in
the optical beesm,

The focal length of the phase shifting lens can now be calculated.

Using the phase shift of 0.1875 mr a3 on example,

o g - disp X

2.5.4 SCANNER | NTERLACE GEOMETRY

Vith 8 2.669 inch focal length IR imeging lens, the sngle /7 for
o typicel system i3 0.75 milliradien. See Figure 2-kl, The scen/interlece
mirror is in front of the lens end hence the interisce motion must tilt the
collimated optice! bundle 0.7 miliiredion in slevetion,

Figure 2-b2 shows the physical arrengement of o typical systes. Mo~
totion sbout sxis 2-k) generates the /Tenguisr motion. The mot ion (D sbout the in-
terisce axis con be resolved into rotetions O end 3, szimuth end slevetion re-
spectively. The reletionship is shown in Figure 2-43. Roteting(D trensiotes
point A to A', hc-nu¢ can be resolved inte O ¢ (3. where (X = O..“¢
and (5 « 0.5 . Imege motion is 2:1 withOland 1:1 with /3. since (e 2 3

and the required p ® 0.7 mr, the required Interliace oxis rotetion = 1.5 mr,
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2.5.5 PWASE SHIFT LENS-YECTOR OERIVATION

In the previous section the >%2te shift lens colculotion wes mede using
stonderd scelar equations. An alterngte epprosch cen be teken using vector
notationr. The cl’llclty of this notetion meies the ene'ysii eesier to follas.
[n order to use vector notetion the follawing procedure s used.

Q) |

sollematoy

outpat plane 4
Q’hcl S miveor Sur "&LC ﬁ
Set up coordinates esbout the sppropriste anes In the scen modulie, the
s-onis coincident with the nomine! output, the y-exis coln-
cident with the input beam from the visus! collimetor through the phese shift
lens, and the mirror scen rotation axis nominally vertical, along the z-enls.
Define the foliowing quentities:
4. 'j‘. R ore unit vectors slong the coordinete sxes.

ﬁ. is @ unit vector normel to the airror when the scen rotation
onis is enactiy vertical (whether one interiece coincides esactly
or not with this axis depends upon gisbel positio stops end does
not affact enswer).

Y !

O is the gimbel anis or more precisely, & rotetion about the gimbe!

anis:
A ¥
e+ Foek
S A Ay A
Let @ = - @ be & vector In the direction of the Input. Then a = o 1 is

the output at center scan when the mirror axis Is vertice!
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Now allow the gimbel rotetion to be spplied and find the chenges in the

mirror normal end output.

A-'\' _%.Q .(+?4V-;—0§)X(V—L?0‘£A)

--Q.V_{_ . ’,‘V-_?_,_ . ?_Q‘_V_;_ .
-V-f-.? Ve 4 V_{_.Q

¢ J -
The vector form of the lew of refiection from piene mirrors is given in

Levi, Applied Optics. Page 34). For o genersi object ., the imsge of this

object is given by:
-1 - EY A A A
@ = 8 - 2 ( s n ) n wheran is a unit vector in the dir-

ection of the mirror norsul,
-» s - A
The Initlel) cose of ¢ = - ¢ j, a! @ o i can be cheched with this equetion.

If we ara interested in finding the center scen chenge In-:' when the
gimbal rotetes, the plene raflection low mey be differentiated.
Be'e - @804 8080
Use the veilve O-'[S: calculoated sbove to detarmine the output vector chenge.
-2 oAr = # .{(: o _.'%- ° 0
2 (e Q.) . 2 OY*—.V;.
Ko' -\'i_ o0 (V.;_? . \L‘.?) V24 (m‘-é- o ."_@_.j\.‘[f_oﬁ)

A A
.\é_.'|.v.+ 0010+ QO?OV-Q_.O?-—;—.OQ
=
Jda! . Lﬁ-o’l .V;-..'}-.L 00'&
2 Y al
"he, _component O"..tkl' divided UY' l' '- e is the interlece mloT,

7_ +00 _+

.7'.
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The other components of \a! cem be neglected because they offect the
infrared side In o monner which just concels out the effect on the visible

side.

This equetion is turned around to give the gimbal rotation angle necessary 4
for the proper interlece angle, 7- 0.75 milliredlien.

Now the motion of the phase shift lens mey be calculoted. Let the pos-
mdd

A
ition of the phese shift lens be r @ r | as shown in the sketch.
] — i e
| ‘3r-~tlmdmuth"tlons-ixr
{ £ A E 2 |
.(+/j\‘\'-g—OQ)xrj--\-;-0rl 1
This motion is horizontal as expected. Actuslly, es r rotetes awey from u

s /4 A
ty v uls./\r will stert to have smel! components slong | and h. However,

since only the end points of the motion ere used, these components cen be neg- 4

lected. ]
Thus, the smount of phase shift lens motion Is:
,.;l"‘-ib Or-i-i— 17r-vlf3,'r l
Since [« 0.75 milliradion Is the pesk to pesk irterlece snguler chenge, core 1
®ust be token to choose the focel length of the phase shift lens so es to pro- ]
duce the pesk to peak displecement required. This displacement is usually
twice the velue celculeted in the electronic analysis since It Is besed on one 1

scen direction only,
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The system minimun resolvedble temperature (MRT) and minimum detectable
temperature (MOT) is & meesure of predicting the probability of a viewer
recognizing the features in a thermelly radiating terget.

In order to calculate MRT and MOT, the signal transfer charscteristics
and noise charscteristics of the therme! Imeging device and the eyeball must
be known. Signe! trensfer can he represented by the madulation trensfer
function (MTF) and the noise characteristics are specified by the moise
equivalent temperature difference (NELT). This section closely 7ollows Retches
development for MRT. VWe will stete the necessary mathemetica! relationshios
and not attempted to derive them, The reader is referred to severa! papers
at the end of the text for derivetions.

The NTF of a system must take into account the individus! MTFs of the
various components such as optics, stmosphere, detector, display, eyeball,
etc. The trensfer functions are the fourier tramsforms of the geomatric
spatial functions and the megnitude of the trensfer functions Is the MTF,

The WTFs of some typicsl elements are given below:

PTICS
Mopt = 2/TT |eos™ (A) -4 (1a2f'”2
A )F, 0N
* wovelength in microns
| = focal length in microns
fg® spatial! frequency
(eycles/mr)

osTECTOR

The detector acts as @ spatisl filcer in the horizonta! or vertical

direction, due to Its geometrical sngular subtense in the foca! plane of the

ooties.




Heet (fx) o gin ( fl!/( = X)

The detector gime constant has the offect of limiting the spatiel re-

f_ = spetial Frequency
=
x * instentansous F.0.V,

sponse of the detector as a function of scen velocity

W, () -[' tror -3 "

1 - 300

Point of detector
ELECTRONICS .

The pess bend of the electronics elso limits the NTF. Using @ simple

RC circuit roll-off

H (F) - : fan ¢
steet T (TR 12 fon 30 Trewsancy of
roll of network
RISILAY

1f an LED display Is used

"ugp #x) = st (Tewx)fr,

for o CRT disoley
2
Hope (fx) @ amp (<0 13 )

assuming o Geussion spot shape, where o is the
varience of the distribution In cycles/mr

NECHAMJCAL VIBRATION
If vidretion can not be removed entirely some blurring will resuit. As-

suming mechanical vidbretion to be rendom, enother geussisn distribution results.

Neos (Fa) = awp (<P wd)
P is colculated from the varlanece
of vibration

CYERAL)
The MTF of the eyabal| basad on work by Rornfeid ¢ Lewson hes the form,

Noye (Fr) = o= 1x/m
M = system megnification
" = depends on the logarithum of
the light lavel or aversge
dispiay brightness
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The noise equiveient temperature difference (NEAT) of & system is @
messure of detector sansitivity. WNEAT pesed on pesk signal-to-rms noise.

The equivealent noise bendwidth s

4

B o [0 Ryger ) Ry () Wy ) &

- S(F) = norma!ized noise power

) spectrium

I1f S(F) is white the equation reduce to

afn=- MM avre~ Mn (_{.H

The inverse of the dwell time T is given by the number of resolution

slements per second, or 0 F
i & '
T ” axay ﬂ“

X5 8 are horizontal and vertical flalds of view. Fr is the
frome rate Ngygc IS the overscen rates n is the numbar of
detacto-s in paralial & x andQy are the IFOV's in x and vy,
andWy, I's the scen afficiancy.

For & detector noise limited system

wl (ar)'2 sin (/)

'7170;,?7‘ T, v fn'{" n'A 4l
al

NMAT
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F is the objective Fenumber, Ay is the detector ares in squere
centimeters, T, is etwospheric transmission over the peth the NEAT is

measured, To is the optical transmigsion, A > is the spectra! band pess

K is the shot noise limited specific detectivity which is independent

of the detector field of view. N Is the number of detectors In series.
NA” is the temperature dercetive of the ®lency redletion equetion

2.6, w7

The muninum resvlvable temperature difference (MRT) in the scanning
direction 1s defined as the muumum temperature difference needed (o resolve o stand-
ard four-ber patiern with 7:| aspect retio uricnted vorticel to the seon. MRT will be.s
function of bar frequency  The MK T can be calculated once the NE AT snd component
MTFs have been cumputed., and 18 (0rm 1s derived. in the scanning
dicection, 1.c.. the bars uriented vertically, MRT s given by

" NeaT | & 00) .
— m MT¥p0r(1,) | AL Fy by Royac

whwr
SNR  agnak-lesnenm rotto wevesery (o recugne - the four-hee pattern,
¥ () Mgy Wigr Mgy Mgy Mg Mmgmay “Hgyg “Vige * Hpfl,)

Oy — twal IFOV o0 me.

v T detertor scan velueity in me prr srvond.

i, = tongrt frequency in vy ches per me.

¥a = framw rate e wevnd

v = gweracen ratn

g = eyr mtcgration time > 2 seeund

Q =f!«.m; OG0, ) My g (1) M,

) = ;*mnwﬂmmd*m!m

Wy (1) = target fiter function of ber width w

My (,) = motwe fiter function from detector to duplay
-76-
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An MRT i the vertieal derevtiron, o g hars paraliel 1 the scan direction ., can be de
el amil & gyven by

y NE T 8y~ (, QQ .
MRT ¢(f ) = SNR @
(') ‘-JIK ﬂTFm([') Af. F.ltlovx

wiwe

MTH 00, )= Nagr ~ Mg * Mygmeray  Mpwy - Wips = My(f )

f{ = tangt frequency m cyeles per me

@ g S 0 0 0,
Y o e

n! = tanget filter funchion of lar length | = TW

Thes werteeal MRT. e whieeh campling effrcts arc sveraged out, 1 an attempt to conmder
thes effects oof vertical irwsluteon on uverall »ustem pefloemance 1w still & contro
wrsesl qqantity and totally wnvahdated  Huweser. NVE w achively rogaged in pursuing
thas commrer-pet 20 2 measur uf system brebavior

Figure 2-ib iHustrates the fiem of MRT. At coch frequency (. theer 1 0 mini-
mum iemperation difference AT necessary 1o remsbee the four bars. There u o fre
Quency [ at whelo tie MRT beovmes mfnate (the MTF cquals zerv), snd no smount
of sagnal will trsolve the lnses Fur a system with ro degralation after the detector .
cquales th reriprocal of tie IFOV  Althaugle bars can thevrrticsliy be resolved bevond
thie frveprrncy besaue of the wings of the son (unction. practically it s o bmit to oyo-
tem resolution Rest systems attam vuly 60 1o 90 preent of ths theorrtiesl cutofl (-

.770
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Figure 2-kks. Nepresentative MAT Curve.
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2.6.2 noY

The mmimum detectable tempersture (MDT) of s therme! deviee
defined 2 the mimimum temprrsture differrnor beiween o square (or cirevler) tasget
andl the backgrinmi nevemery (e an observer to prrerive the souree through the deviee.
MUT 1o then a function of target mar snd reprearnts the theesheld detection copobility
of the svstem [t con b denived from the weme ugnel 10 nowe espression as thet ueed
to derive MRT. The reswit |5

MOT = - NE}_L!'___ Ayv o
A\, H; ":.4’, Rovsc FI'I.A'-

-

| _/'[s«.m.z.mn*..w-;nn:n:a'f]"

L3

Ay = torget sres in squere milliradions

§' = threshold signel-to-noee ratio

Wy = terget tronsform = W, « Hy

My = tutal devier and ryeball MTF = MTF .,

Figure 245 illustrates the form of MDT as s function of reciproesl target sise.
For any target mee o in milliradiens, there is s AT,y which is the minimum tempersture
difference necessary (or the target to be detected. There is no ssymptote for MDT ae
there is for MRT snce eny sze source can be detected if hot enough. An arbitrerily
omall tasget can be detected if 1ts ngnel strength 1 lerge enough 1o excite one (FOV,
1.2., 8 theemal device 1s capeble of “star detectiom.”
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Figure 2-45. Aepresentative MOT Curve
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SECTIon 111
SYSTEM DESIGN CONSIDERATIONS
3.1 TMERMAL DESIGN CONSIDERATIONS
Although the Individuas! module power dissipetions sre, with the exceptlion
of the Cooler-Inverter, very low, sdeguete thermsl system design is essentla!

for setisfectory performence of the system.

The estimated dissipation of each module is as follows:

8ies Regulator .03 Wett/Chonnei (180 chennels mex)
vetector-Oewer/Bies Peck ,013 Wett/Channel (180 channels mex!
Preamplifler .61 Watt/module (20 chennels)

Postempiifier 1.67 Wette/module (20 chennels)
Auxiliary Control 2.206 Vetrs

Scan-Interisce .00 Vetts (60 Mz unit) |
Sconner 2.00 Wetts I
LED Arroy 1.50 Wetts
Conler-Inverter 55.00 Wetts (bh I1n cooler, 11 in Inverter)
‘o power dissipeted by the flrst four modules listed is 8 function of
the number of ennels used In the system. In the ceses of the Preamplifier
ond Postemplifler, more then one of eech module mey be required, up to o |
meximum of nine of esch. The cooler poses the grestest problem for system
therms| design both beceuse it has the highest thermal dissipation and be-
cause its detector cooling performence deteriorstes st eleveted temperstures
where 9ood performence |3 most needed to carry the increesed thermal loed on
the cold finger. It is most importent to minimize the heliun tempereture In
the cylinder. The cylinder Is hested by the compression temperature rise of the
heliun gos, by machenicel friction, and by conduction of hest from the moter. The
heat dissipated In the Cooler 13 gbout equelly divided between the electricel losses
Ir ~e moter snd the mechenice! work in the campressor. HNetural convection even cem-
bined with conduction te conventions! mounting strutture |s not sdequete to prevent
encess|ve cylinder temperature rise. €1ther foced convection with edded finned sur-
foce on th: cylinder heed, ¢r s heet enchenger ettached to the cy!linder heed,
or g combingtion of convection end heat exchenger must be used. If the system

Is to be designed with s seeled cese,




excluding emblent oir from direct contect with the modules, it mey be desir-
eble to provide e heat exchanger sesled from the Interns! elr in the case,
through which embient alr 1s blown by ¢ fen. The heet enchenger cen be used

| a8 the mounting structure for the modules. In perticuler, the cooler would

£ -

be mounted with its cylinder heed etteched directly to the heet enchenger for

- ——

good thermal contect. The Cooler shoi'ld be loceted neer the coolest pert

of the heet exchenger, thet is, neear the cooling elir Inlet before the alr Is

|

heated by other moduies In contect with the heet exchenger. The Inverter |9
| completely enclosed in e nickel-iron sheet mete! case. The mejor heet dissi-
] pat ing components are mounted on the inverter base plete or on brackets et-

teched to the base plate. Therefore, the inverter is best cooled by mounting

its bese directly on & heet sink such es the hest exchenger described previously.

Although the pawer dissipetion of the other five individus! electronic

" N .- e

modules is low, the cumuletive dissipetion can emmount to @ very significent
smount, especielly If the system uses ¢ lerge number of detector chennels,
Typically this cen smount to elmost 20 wetts for ¢ 100 chenne! system, The
therma! problem in these modules is incressed If, o8 is usuelly done, o
complete shest metel! shield enclotes this group of modules for ENl protection,
The use of a printed wiring mother boerd for interconnecting these modules
further sdds to the therme! probles by forming ¢ therme! berrier on the bottem,
Several slternetives mey be wntidered to overcome the thermel problem . The
reletive need for eny degree of shielding which must be designed into o pert!-
cular system mey permit eliminetion of el! or pert of the sheet mets! shield
or the substitution of a screen shield., This would improve convective cool-~
ing of these modules. Sheet eluminus pertitions with o finish for high therme!
onissivity mey be loceted between modules to receive heet from the modules
i by rediation end convection. They then conduct the heet Out to where it con

4 ba removed by conduction te the hest enchenger or by convection to embient eir,
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Another porsible slternstive involves the use of ¢ smel! fan in the mein sys-
ten housing, which blows eair through shielded openings in the sheet metel
shield to cool the inside modules by forced convection., Although these
modules cen operete in any sttitude, hest trentfer by neturel convection from
the components to the shield or to the pertitions previously mentione, is
best If the module circuit boerds ere mounted verticeliy. If forced con-
vection Is used, the mounting attitude s unimportent,

The Sceanner, Detector-Oewer/8ies Pack, and LED Arrey dissipete
little power relative to their sizes. They therefore cen often rely on
conduct lon through thelir mounting surfeces, plus neturel convection, to
tressfer heot to the system housing. Mowever, In the over-el) system ther-
mel denign It mey be desireble to provide conductive paths from these modules
to s heat enchenger to reduce the genere! interne! tempersture In tre sys-
ten housing,

The therma! design of eny system msust of course include considerstion
of the hest dissipetcd by not only the common modules, but also eny system
unique moduies such es power supplles, fens, and displays. In generel, the
outside surfece of the system housing !s not normelly sufficlient o provide
sdequete system cooling by neture! convection end rediation withou: serious-
ly degreding parformence or reliebility or both es & result of encessive In-
terns| component temperstures.

The optical modules in any system of course do not contribute to hest
dissipetion other then the smell end Intearmittent emount which mey be g¢lven
oul by an vlectricel focus control. MHeowever the opticel! modules must be con-
sidered in the system thermal design. Tempereture of the opticel elements
affects the index of refraction of each lens element. The snpention zoef-

ficients of the elements end tha lens mounts produce dimens ional chenees,

-8)-




These effects con ceuse signiflicant chenges In focel demgth, In eddition,
therma! expension of the structure supporting the verious perts of the opticel
system con resvit in Jegreded focus end miseligrment of the optical imeges.
The IR lmgger module does heve focus ad)ustment which mey be used to refocus
the IR imege. Mo visue! focus edjustment, other then initiel shimeing, is
provided in the common mocuies. Thermal fectors must be cerefully consider-
ed in selecting the materials ond leying out the design of the system struc-
ture end the mounting breckets supporting the opticel modules so o8 to mini-
mize tempereture effects on focus end ol ignment,
3.2 ALLIARILITY ARG MALNTALNABLLLTY QNS IDERATLONS
The inherent relighiiity end meinteingbliity of the cammon smdules, o
function of thelir design, Incliuding cholce of camponents, dereting of compon-
onts, etc., canmnot be Improved et the time of thelr installetion end cperetion
In o system. Whet must be done, hawever, Is to ensure the Inherent relledl )ity
ond meinteinedilicy of the medules ere not degreded by the menufecturing preo-
coss or by their epplicetion in o system. Nedules must not be used outside
the renge of their specificotionmy, ond the system design must consider the
following design requi rements:
() Thorme! requirements
(1) odequeta ventiletien
(2) sufficlent heotsinking
(3) ftorced oir cooling If necsssery
(b) module locetion for memimum hoat ¢issipetion
(b) Mechenicel requirements
(1) =mounting compotible with size end welight of medule
ond shock end vibretion requirements.
(2) coptive type herdwers wherever possidie,

‘-;W— —— - —




(3) easily eccessidle asdjustment controls end test points,
(6) copebility of removing @ specific module without remcvel
of other modules.
). SYSTEN OPTICAL QESIGM CONSIOEMTIONS
3.3.0 RESTRICTIONS On OPTICAL MOBULE ¢\ RECTICLE CONF IGURAT 10N
The optice! modules IR imager, visus! collimetor, and scenner mey be es-
sebled into systems in & variety of weys, 0ne of which is shown in Figure )-I,
It mey be eppropriaste here to point out some of the restrictions on the con-
figuration of systems.
(a) The sgen mirror has one-side coeted to meximige reflectence of
6600 A LED fight end the other side is coatad to optimize 7.5
=11.75 micrometer reflectence. Thorefore the IR campenents mey
Iinterfece with onl two sides of the scen module end the visuel
system with the other two sides.

(b) The modules must be used 30 s to provide en erect imege in the
displey with the proper reversion-left on left, etc.

(c) The moduies sust be essesbled so thet the operetion of the in-
terlece affects both IR gnd visible sides consistently, It s
possible to heve the propar inversion & reversion of the displey
reletive to IR object spece, ond still hove oneside interlece
up whon the other side Is interlacing down,

(d) In seme systems there is ¢ requirement thet the vperetor view
ing the displey be fecing in the sems direction thet the IR or
"tehing'' optics are looking.

(e) Nercissus effect - The detector dewar presents on extremsly
cold target which the detector itself mey see 1f there ere re-
flections from the optice! surfeces. There is ene or twe per-
cent reflectence left in the best AR costing. This redience
from entremely cold terget is ¢ significent signel, particulerly
if ic Is In focus.

There ere severe! techniques to counterect the nercissus effect. One
$ to use the best AR coetings evelleble. Another is to monitor the IR efocal
design to insure thet ell possidbie reflections of the foce! plene do not re-

turn in focus to the focel plene the farther they are out of focus the better,
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Only afoce! lens elements ased to be bent 30 es to evold narcliasus be-suse
they ere ohead of the scen mirror. The IR imager lens elements will not
couse timg varying reflections in the detector end the detector produces no
signe! from them,

The module system design provides spece between the IR imgger beck
flonge and the detector dewer for the plecement of en external cold shield;
which Is @ third fin for nercissus. The primery purpose of this shield |s
to block bachkground cedietion from portions of the solid engle which ere
not used In the particuler system. This reises the effective 0" of the
detector plens beck on itse!lf, A secondery effsct of en externs! cole
shield i3 to reduce the cold dewer cbject size, which minimizes the nercissus.
Finelly, eny IR windows oheed of the objective must be tilted or converted in-
to domes with week optice! power. This must be done beceuse e flat plete In
e perelle! beam gutocollimetes the IR opticel system perfectly,

(f) Vignetting between afoca! & IR lmeger must be evoided In o
FLIR dosign.

This problem is @ generic one for Gellileen afoce! lenses coupled to the
IR imager through *he sconner. The eperture stop should be pleced e far for-
werd o8 possible in order to limit the diemster necessery on the lerge front
elemants of the afocel!. But the fearther forwerd It s pleced, the ferther
forwerd 1s the enit pupi! of the afocel. The emount of apperent side-to-
side motion of the exit pupi! es seen et the IR imeger Incresses with the
opticel lever arm.the distence between the efocal exit pupi! end the scen
mirror pivet, A condition con occur in which the bundle of incaming rediation
ectuslly moves with sconning s¢ far leterelly thet it goes off the cleer

sperture of the first IR imeger element. In this cese there is @ change 'n
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in the smount of rediation froe the terget scene reletive to redietion frem
the (probably hotter) inside parts of the system. This cen be seen by the
detactor as @ spurious signel. Thus one of the besic tredeoffs in the de-
sign of afoce! lenses for the common module systems is the position of the

stop.

(9) g‘h.:.unu-
Infrared optics hes a significant chenge in same of its peremeters

whan opereting over large tempersture renges. HNot only do the foee!
lengths tend to be longer in the infrared afocel, but the dN/dt‘s
of the opticel metrials ere from ten to one-hundred times larger,
In order to minimize the number of possible sources of defocus, it
is desiresbie to heve 83 meny lens essemblias-modulas es wel) e

system unique components-eutometicelly compensete for temperetura
changes .

This had not been accomplished i the IR imsger by the salection of mete-
risls or complicated lens mounts on stecks of rods. The ethermslizetion is
eccomplished by screwing the front doublat in or out by msans of & geer. This
would ellow the eddition of o tempereture controlled servo to adjust the focus.
The IR imegers from different menufecturers are alihe with raspect to function,
but not to the opticel power. (f g module of m type is substituted for

enother the srount of temperature controlled sdjust required is likely to be
slightly diffarent.
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SECTION |
GENERAL DESCRIPTION

1.1 INTROGUCTION

The Infrered Video Presmp!ifier module hareinsfter called the preemp!ifier
provides ampiification and processing of the video signa! outputs from o de-
tector errey of en infrered system. Eech preemp!ifier module (printed wiring
bosrd) conteins four Tntegreted circuits (IC) chige esch providing § chenrels
for ¢ tote! of 20 chernels per module.

1.2 JNTENDED USE OF [TEN

7 The Proamplifier module hes been designed to be interfaced with other
mejor common and special modules to form an Integreted Forwerd Looking
Infrered (FLIR) or Therme! lmeging System. The function of the preemplifier
in the system is to amplify end process the outputs of the Individus! elements
of o detector erray to ¢ uwsesble level. Vith esch preemplifier providing 20
chenneis, the number of modules required per system will depend upon the mussber

of chenneis required by the system being designed.

1.3 1EGMMUCAL SPECIFICATIONS
The technice! specificotions of the Preemplifier module ere s follam:

"t Specificetion
Goln 70 £ 7 volte/volt
Bend width

Upper 3d8 Frequency 105225hMe
Lower )48 Fr-quency 22tz
Flet (20.5db of midbend gain) J0Mz to JOWMz

(midbend gein referense: 040 at )iMz)




Pacamata:
Equivelent Input Nolse

fquivelent Input 1/f Noise

Chonnel Crosstelk
(1oVems ot TiM2 input)

Mex i [nput
(Outout distortion SL)

Recovery Time with Input of
50 msec. 0.0! volt pulse represent-
ing @ projectile signel of 0.7 Vv,
12 msec wide

Input Impedeance

Output Impedence

Supply Voltage end Currents
MNigh Pawer (Input P1-768)
Low Power (Input P1-23,
P1-768 open)

NOTE

Samcificasion
1.5 x 100 vema/ Y hz  (maw)
<10 x 109 m/\: st 100Mz

<=30 ¢8

0.01 Vpp at 1 kMe

<0.2 seconds

4000 to 6500 ohms
(S000 ohms nominei)

800 to 700 ohms
(500 otws nomine!)
8.5 to 10 volts dc, 5526 mA

3 20.) volts de, b 25 mA

For interface Information such as mechenice!
configuretion, outline dimensions, electrice!
interconnect ion and mounting informetion, re-

fer to Section Il
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SECTION 1[I
FUNCTIONAL OESCRIPTION

2.1 GENERAL

As shawn in Figure 2-1, Preamplifier Module Schematic disgrem, the pre-
amplifier module containg & integreted clircuit (IC) amplifier chips with five
amplifier channels per chip, thus providing 20 signs! processing chennels
per module. The chip itself is packaged Into @ duei Iniine (DIP) package.
The moduie also provides a voltege reguletor in addition to the four IC emp-
I1ifiers and their peripheral components. The reguletor converts a nowminel
9.5 volit input to @ 3.6 volt vcc for ampiifiers. Alternately, the Vec for
the smplifiers may be supplied from the system pawer supply by comnecting
the sppropriate voltage to pin 23 of the module connector P1.

The preampiifier modules heve no potentiomsters or other controls, are
gein stable, and are directly interchangsablie without sdjustment.
2.1 TMEORY OF OPERATION
2.2.1 IC AWPLIFIER

Each of the five swplifier channels within tka IC consists of six NPN
tronsistors as shown in the schemstic Figure 2-2. The first trensistor Is
besically diode connected and serves to set tho dias of e three transistor
operetionsi amplifier. The channe! geir of 70210% s esteblished by a re-
sistive feedb. ck network around the opsrvtional emplifier. The two output
transistors are follawers with feedback from the first output trensistors
to the input biass setting transistor. This is done to improve linearity end
recovery with high '~sut signals. Tine final output transistor has s resistor
divider In thy emitter, with the sutput taken from the center tep of the

divider to Improve stability with capacitive ioads and to provide uniform

output |mpedance.
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2.2.2 AMPLIFIER CHANNEL OPERATION

Since operation of the twenty v'deo channels is identical, oniy cperetionr
of ona channel will be covered in this description.

Channe' | video signel fram the channel | detector element enters the
moduie through connector pin P1-25 and is AC coupled to the input of ampliifier
ATART by & 33 uf, 6V capacitor (C1). This cepecitor in conjunction with the
Input impedence of the emplifier (5K ohms) gives a low frequency bresk peint
of epproximately 1Hz. The 500 ohm output impedence of the amplifier end 2700
pf capecitor C6 estebi ish the high frequency rolioff et 118KkMI. The dominent
law frequency charecileristic of the presmpiifier is esteblished by ¢ b.7 uf output
coupl ing capacitor (C11) end the input impedance of the post sepiifier module which
is 10Kk ohms., Thic combinstion gives & law frequency Jdb point of 3. bknz.

2.2.3 VOLTAGE REGULATOR

The IC amplifiers described sbove have ¢ powa r supply rejection retio
(PSSR) of spproximetely 3048 referred to the input. In order to Incresse the
PSAR gnd theredy reduce the power supply ripple os sesn et the presmplifier
input to e fector of 3 below the widebend equivelent ingut noise, o voltege
reguletor is provided on eech preemplifier module which operetes os fallomes:

The 7.5 to 10 volt dc input pawer is susplied to the reguletor through
module |nput connector pin PV-8 (Figure 2-1). Oiodes CRY, CA2 end resistors
R end Rk form ¢ voltage divider to estedblish the base dies for trensistor
Q. Trensistor Q1 ects es ¢ constent current source which supplies the
sasu drive for series pass trensistor @. The emitter of Q2 supplies the

reguleted 3.6 valts dc to the IC amplifier chips.




lener diode CR5 end resistor RS fom on output voltege sensing network.

If the output voltege increases, the sensing network |ncresses the bese drive
to trensistor Q@ which in turn reduces the bese drive applied to series pess
trensistor @. If the output voltage tries te decreass, the requleting ection
is reversed and the bese drive to U is incressed to incraase Ihe output
voitege. Thus the output volitegs is meinteined ot 3.6 20.) velts dc.




- sECTION 111
| INTERFACE
3.0 CONFAGUSATION
| Figure 3-1 shaws the pertinent outline and mounting data for use of

the designer in inccrporeting the Presmplifiar module in & system layout.
Note that the dimensions and tolerances raflact the actual drawing deta which
in some cotas diffar from or supplement the datas in the 82 specification,
figura 3-1 is & photograpk of the module and Figure 3-) is a parts location
. drawing,
3.2 INTERCONMECTING IMFQAMATION
The input signels and pawer ara connectad through PI te & connector on
s mother boerd or wiring harness through which connections sre made 0 the
Detector and & pawer supply. The output jack JI ties to & catle connector
which lseds to the Postaamplifier. Access must be provided to the test
points at the top of the module. Cach and of the modula must be supported
by & suitadble mounting slide. For epplications involving savera shock
or vibration, positive means should be provided to retain the module in
the frrliy engaged position. als0 to ratain the ceble connector which engeges
with JV,
33 InEAMAL QESIGN CONSIDERAT [ONS
Aithough the ingididus! Preamplifiar modula pawer dissipation is only
0.6) watts per modula, very tmgll in an overal) system, it must dDe teken into
asccount during system design., Refar to Section 11l Cheptar ! for & discus-

sion of the system therms| design considerations.
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Figure 3-! Preamplifier Module Outiine Drawing
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3.« ELECTRICAL INTEAFACE PATA

3.4.1  INPUT CHARACTERISTICS

(a)
(»)

(c)
(d)

(o)

(1

lepedance: W00 ¢o 6500 ohms

Signel: slneweve with 0.01 volt peet-to-psek,
soximum, ot | kilohertz

Voltaga: 3.0 20.3 volts dc or 8.5 to 10.0 volts dc

Current: bis 25 mi))iomperes at 3.0 volts dc or
55 26 willlomperes at 8.5 to 10.0 voits dc

Equivalent Input nolse voltage: 1.5 x 1079 volts m/wr;
nax | mum

Equivelent input 1/f noise: £ 10 x 1079 volu/\,;; meas ured
at 100 Mz

3.4.2 QGUTPUT CHARACTERISTICS

(a)
(»)

Impedance: 400 to 700 ohms
Voltage gain: 70 2 7 volts/volt

J.4.3 PROCESSING CHARACTERISTICS

(a)

®)

(c)

Signal bendwidth: with & 10 kilohms loed, upper Jdb
frequency 105 225 kMz, lower 3d8
frequency & 22 Hz; gain-flet (20, 548
of midbend ga'n) from 30 Nz to 3O KMz
(midband gain reference: 0d8 at | ktz)

Recovery time: £ 0.2 second from a 50 mi)lisecond, 0.0!
volt pulse input representing a blast vo
display a projectile signel of 0.7 milli-
volt amplitude and 10 mil|isecond width

NOTE,

Recovery time is messured from trailing edge of
pulse Input to leeding edge ot projectile signel)

Channel crosstalk: <« -30 ¢8 with a pesk input voltage
(19 chenneis into (®1n) of 1.6 ailliwits () millivelt
I chennel) rms) at ) kilohertz, when

Chenne! crosstalk = 20 log




(d) Noise figure (F,) F, 5.7 d8 where

F, = 20 iog
to source resistence l‘ eolone

(e) Channei-to-channel
trecking maximum veriation in normslized voltege
gain of each chennel is 5% of everege
gein on 20 channel preewp!ifier over
temperature rangs of -5k to +71°C

(f) voitege gein drift maximun verietion in sveresge voltage geain
of 20 channels on eech preampiifier Is
210% of average gein at ambient, over
operating tempersture renge of -54° to
*71°C

J.b.b ANCILLARY ELECTRICAL DESIGN COMSIDERATIONS

()

(2)

(3)

If a roguieted 3.0 30.3 voit dc is being supplied from the system
unique pawer supply to power the preemplifiar (connector P1, pin 23,
on schemstic diegrem Figure 2-i) in lleu of an uaraguletad 8.5

to 10 voits dc (connector Pi, pins 7, 8). the 3.0 20.3 volts dc
shouid not heve o ripple ond nolse content thet exceeds 15 microvolts.
Input and outpu: cheonel signai leads to end from the preampiifier
should not be routed edjecent to esch other. In eddition, to svoid
axtrenedus pickup, the input channel signel laeds shouid be kept
awey from othar high smplitude and or high fraquency signel sources.
Do not iocate the preampiifier assembly sdjecent tc or nesr strong
slectromagnetic or slectrostatic fisids. If so located. appropriate
sheiiding of the presmpiifier might be required.

The ‘Voltage Gain'' ond ''S'gnel Bendwidth'' velues specified in 3.4.2
ond 3. 4.3 ore velid only If the preamplifier locad is 10,000 ohms .

For other load velues, ths volitege gein and signel bandwidth will

changs eccordingiy.

total rms noise volitage ot out.putJ R = 10 kilnhs
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3.5 JESIGN L {MITAT IONS -GENERAL CONMENTS

The preamplifier module is intended to bs used with photoconductive
Hg:(e:Te detectors. These detectors are charecterized by iow |mpedance, on
the order of 50 ohms and low noise. Usae of the preamplifisr module with photo-
voltaic or high impedence photo-conductive detectors (s genersily not recom-
mendad,. Optimum utiiizetion of photovoitaic detectors reguirs a current
mode presspiifler which meintains the detector at or nesr & zero bias con-
dition, Use of the pressplifier with photoconducti ve detectors of an
impedence ieve! many !imes greater than the 5K input [mpedance of thne
preempliifier results in signal ioss at the detector/preamp interface. By in-
terpesing o simple foilower connectud FET stage between the detector and the
preampiifiar the preamplifier couid be affectively used, however. It is 20 be
noted that this crosstalk minimizing end locelizing technique is continued
through the signal processing with an individua! signai return assoc|eted
with sach fiva chennel IC chip., Because of the low noise requlrewssnts, the
presmplifiars use 8 singie anded rather than differential input design. Whiias
the single endsd design gives ¢ nolse improvement of Y1 over the diffarential
design, there is no common mode rejection. The on-boerd reguietor aids in
minimlzing power supply noise and rippie whan the module 3 usad in the "Migh
power'' mude. In this mede, the reguistor provides ripple rejaction of apprexi-
mately €7dB, For low power appiications in which the preespiifier Vec voitage
is provided directly from & system power supply, care must be taken thet the
syster power supply have [ow output impedence and low noise.

The iseds from the detector to the preamplifiers should ba kept as short
as possible. Because of the low impedence Invoived, the detector/prasmp in-
terfece is not particularly sensitive to alectrnstetic pickup but cere sheould

ba taken to minimize a7y fliuctuating magnetic fiaids through judicious use
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of magnetic shieiding.
Ajso due t- the low detector impedences, crosstelk due to firlite Impedance
in detector common leed is e frequency prodlem. Vo minimize and locelize this
effect the Common Modu'e detactor trings out e common leed for eech § detector
eiements. These common ieads ere totelly Independant. The signel curreant In
the comron 4w the |Impedence of the cammon s theredy reduced mirimiging cross-
telk end I~ceiizing any residual crossteik within e group of 5 elements. Care
l wust simiiarly be teken in the system wi-ing to maintain low impedence in the
common end power ground wiring.
Tre on-board regquietor of the preampiifier module is not current |imited.
CTare must be “sken during test and troubie shooting to evoid accidental short-
ing o the Vcc line @8 this wi!l cause demage to the regulator.

he ldent resistors of the module sarve to identify the module when tested

by the Land Combat Suppe-t System (LCSS) en integr.:+1 test end maintensnce
facllity. Connections to JI pins 22 and iL ars not required for system operation.

fonnactions to pingt 20 and JI shauld pe2 > sade to the postamplifier.

The corrusponding aine on the postamplifier are conmected to the postarplifler

LTSS identificaticn resistars, Fing 20 and 7 of J1 of the preamplifier should

be used for tes® sr monitoring purposes only.
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.0 GEMERAL

This section provides Information on the test and ofi gwmant requirements

to be considered In the use and application of the Preampiifier Moduie. Pre-

sented herein are the test equipment requirements, and alignment techniques.

4.2 TEST EQUIPWENT
The foliowing, or equivalent, test equipment Is required ro perfers

the necessary operational tests, aligmments, adjustments on the Precmplifier.

L.2.1 STANDARD TEST EQUIPMENT
Table k-1, following, presents a iisting of commerclally avellable equip-

mant which has been found to be adequate for testing of this module.

TABLE 4-)
STANOARD TEST EQUIPMENT

Equipment Manufacturer Mode |
Oscifloscope Tektronix Ls3
Digital VTVM Fluke 400
von Simpson 260
VTVM Hewlett -Packard JL0O0A
Power Supply (2) Lanbde LPDL222FN

Function Generator Wavetek 110




4.2.1 SPECIAL TEST EQUIPHENT

Two [tems of special test equipment are required to accomplish the
module tests described herein. A switching and control unit, heresfter
referred to as the test set, and 3 40 d8 wide dend amplifier. This test
equipment may be fabricated locally. Figure k=1 and 4-2 provide schematic
diagrams and Information on fabrication.

The test set facilitotes mounting the module for test, allows easy
channel selfection, and provides convenient test points.

Aithough 40 48 awpl/fiersare availeble commercially, the fabricated
complifier provides the inherent iow noise and minimal 60 Mz pick-up es-

sential during Preampliflier nuise measurements.

4.3 SPECIAL TOOLS

No special tools are required to test or align tha Preasplifier module.

A typical test set up interconnection diagram is shown in Figure 4-3.

In order to determine that the Preamplifier module meets its peiform-

ance requirements, the following test seyuance |s recommended.

L.5.1 ELECTRICAL TESTS AND ADJUSTHENTS

Perform esch test as specified in the following paragraphs in the order
presented. As esch action is completed, verify & proper response or Indice-
tion dbefore proceeding to the next action.

k.5.1.7 Cquigment Interconnection
b.5.1.1.1 Connect the Presmplifier to the test set as shown in Figure k-1,

4.5.1.1.2 Interconnect the Test set and test equipment as shown in Figure b=},







Notes wunless otherwise specified

w & o 0o —
. . ¢ o

Reference designetion prefis 1.

Begistance voalues ore (n Ghws .

Copacitors velues asre (n microferads.

Test set It used in messuring Common Moduie presmpiifier equivelent
input nolse.

Functional tedt procedure.

A, Cmergize test set with -1SVWOC from J) to J2 end turn switch $! on.
0. Adjust A8 for » voltoege of -18.0 *0.06VOC &t J).

4 ingut A | AV AMS ot 10 UMY sine weve ot Jb from & weveteh 110 or
oquivalent.

(An eaterns! input resistor divider networt of §! K 1o S  mgy
be necessery)

Moniivr output 45 with an o8ci| oscope ang o AR voltmeter.
Adjust R1& for on AMS wvoitage gain of 50 00 (Ays 100) .

Bonduidth check 10 M1 iy =) :0.5 00, flat from JONI to 7S &I,
doam -) 0.5 00 at 600 wnl.

- - e

Figure L-2 LOUS Videbend Amplifier Schematic Diagrem
«~108-
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(USE FOR PREANPLIFIER
MOISE MEASURENENTS
amLyY)

Figure 4-) Test Seteup. Presmplifier Neise Test
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B0 not inciude the W0 ¢80 oampiifier @t this time.
L.5.1.1.3 Verify that aii the sbove test set up intarconmections ere pro-
periy made.
L.5.1 1.6 Using en ohmmetar, messure the resistance between test points |
end 2 on the test set.

The ohmmstar shail indicete 'K ohm, 251,
4.5.1.1.5 Using the ohmster messure the resistance between test points
2 and ).

The ohmmster shall Indicete 6.81K ohms 26X,
©.5.1.1.6 Turn ol test equipment on and ujuit output of pawer supply to
10 Vdc 20.5V o3 msasured at test points & end §.
6.5.1.2 lngut Poear “essuremsat
5.5.1.2.1 Nessure input current to the preampiifier by momentarily depress-
ing current monitor switch, $2.

The Ammeter sheli indicate .05 Amps 20.010 Amps.
£.5.1.2.2 Messure the reguieted ).6 Véc at test point 2. Using test point
S a8 ground. The voitmeter shelil indicete b.6 Vdc 20.) Véc.
Lk.5.7.3 Yoltess Gain and Sandeidth
8.5.1.3.1 Adjust the signei generator empiitude to provide ¢ |-voit NS
input signal at | WMz to test point 6. Input sttenuator reduces the s:enei
to the Preampiifier ingut to | miltiivelt,
NOTE: Midoand voitage gain is given by A, = ;ln* Therefore apromimete
voltege goin con be obtained eatily by epplying the | miliivoit signel
to a chennel input end resding the chemne) output vo'tege (in miiiivolm) es the gein.
8.5.1.3.2 Set test set CHAMNEL SELECT switch Sy to position |, Reed
chonne! output on the VYTVM connected to test point 7.

Output voitage shell de 70 mililiveit 27 milliivelts

.




6.5.1.3.) Repsot parsgraph 4.5.1.3.2 for switch poesition 2 through 20,
corresponding to wider chennels 2 through 20.
4.5 1.3.4 Return CHANNEL SELECT switch to position |
4.5.1.3.5 Incresse signal genarator output frequency unt'| VIVA indicetes
8 ) @8 drop In smplitude ot tast point 7. (Reference: O 48 et ) KMz)
NOTE: The signel generator frequency disl Indicetion.

Channe | bandwidth shell be 105 wMz 225 kiMz.
4.5.1.3.6 Repest paregraph 4.5.1.3.5 for chennels 2 through 20.
L.5.1.4 Nojse Massuremsnt
£.5.1.6.1 Interconnect the 40 ¢0 amplifiar Into test satup os shown In
Figure k-),
h.5.1.4.2 With no Input signel to the preamplifiar test set, msesure the
true MMS output noise for esch of the 20 preamplifiar chennels. A sufficient
condition for scceptance |Is an output noise lavel of less then or equel to
the maximun given in Tebla 4=2 for the respective chemnel gain end bend-
width.
NOTE: 60 Mz pickup must be minimized during the nolse msesurement.
©.5.2 SRCHARICAL AL IGNENENT

No unique mechenical aligrnment comstreints ere presented by the
Preamplifler.

6.5.) ABJUSTMENT IN THE SYSTEM

Preamplifier characteristics ere determined ond fixed by the components

selectad st dasign. No sdjustment or alignment Is needed upon installation,
“.6 SPECIAL MAINTEMANCE REQMIRENENTS

The Pveamplifier raquires no specie)l ma'ntensnce sttention other then
the routine proceduress followed for generel electronic equipment. No time

chonge components ers contained In this module.

ALK
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4.70 | .78 4.04(4.92| 4.99]5.08] 5.13]5.21| 5.28| $5.35| 5.42 | 5.50(5.57
4.74 | 4.82| 4.08|4.9% | 5.03|5.10 | 5.17]S5.2¢] 5.33]| 5.39| 5.46 | 5.54]|5.62

470 | 4.06] 4.9215.00| S.07|S. 14| 5.21]5.29| 5.37]| S.44] 5.50 | 5.9 |5.e7

=

114 4.00 | 4.09] 4.97]5.04| 5.12]5.19 | 5.20]5.24| S.41| S. 4| 3.5 | S.64)5.7"
e 406 | 4.93] 5.01|5.00] S.16/5.24] S.IN|5.2W| S.46] 5.54] 5.1 | 5.49[5.76
e 4.9 | 498 5.08]5.14] 5.21{5.28 | S.28[5.44] S.51]| S.58] 5.66 | 5.74}5.8)

120 a9s | s.00] s.iols.i9] s.osls.2 sarfs.ee| s.e] s.63] 5.1 | 5.5
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CHAPTER )3
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SECTION 1
GENERAL DESCRIPTION

1.1 INTRORUCTION
The Infrered Video Postamplifisr/Control Oriver module, hereinsfter caled

the postampliifiar, provides the empiification end signal conditioning functions
required of ¢ Comuon Moduie infrered imeging system. In e stenderd cammon
module system the signals from the detector sre processed through 8 stage of
presmplification end then fed to the vostempliifier moduie. Each postampil-
fier module processes 20 chennels of informstion. Esch channel comaists of
two emplifier/control steges end e iight emitting diode (LED) driver stege.
The implementetion uses 12 dusl-in-iine IC packeges with three packeges series
connected end 4 packages in parelliai with 5 channels in eech IC peckage.
1.2 INTENDED USE OF [T%h

The sostemplifier module hes been designad to be interfeced with other
mpjor common and speciel moduies to form en integreted Forward Looking Infre-
red (FLIR) or Therma) lmaging System. The function of the postemplifier is
to provide additiong) emplification snd processing of tignals received from
presmplifiar common moduies. After amplification and other processing, the
peatamplifior final stege provides the drive volteges requiresd by the LED

erray.

i3 JECHMMICAL SPECIFICATIONS
The technical specifications of tiwm postemplifier module sre as follows:

Voltege Gein Programsble From 10,000 to 18,000 ¥/V
o8 follows:

P1-12 Gain Commend | controls Al-AWAR]
P1-29 Goin Commend 2 controls Al -ALARD

AL




— R T =

Pargmmter
Gain Controt

Bendwidth
Wpper 3d8 Frequency
Lower 348 frequency
Flet (2 0.5 d8 to midbend
gain) (Midband gain reference:
048 ot 1 ikiz)

Input lempedence

Output Impedence
Output Current

Polarity Control

Recovery Time (From 1 woit,
50 mse: step input)

AC Gainr Balance Range

Power Requlrements Low Power

Ping P1-32, 17, 2, 23 +b.2 @ 15mA
P1-10 4.8 ® JOmA
P1-30 +7 @ 30mA
P1-27 =3.5 @ ISaA
P1-11 +3.5 @ ISmA

8OTE.

Sescification
0 to 30 ¢

" Lo kH2
P4

0
6 2 113
30 H2 to 30 Wz

7500 to 12,500 otms (10,000
nomine()

195 to 215 ohms (205 . nominel)

10 2 3sA peek into 390 In series
with LED,

Output in phase or 180° out of phese
with input.

0.2 seconds
15 d8 minimun
Ripple
High Power &)
+10 @ ISaA 100
£, =7.5 0 ¥5aA Hi-100, Lo-50
4,20 ® LseA 0.2
+4.26 @ WsaA 0.2

For mechenical specificetions invoived with
interfece requirements such 8s mechenical
configuration, interconnection, snd mount -
Ing information, refer to section III.

|
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SECTION 11

FUNCTIONAL DESCRIPTION

2.1  GENERAL

The postempiifier moduie Is comprisad of twelive integrated circuits (IC's)
on 8 printed wiring bosrd. Each postemplifier moduie processes 20 chennels
of informat‘on. Each channei comsists of two emplifier/control steges and a
light emitting diode (LED) driver stage. The impiementstion uses 12 dusi-in-
Iine IC packages with three pecksges serias connected and &4 packages in paraile! l
with 5 channeis in asch IC peckage. The arrangement can be seen in the sche-
matic of Figure 2-1.

The first and second stage provides an alactronically controiled gain
veristion of 30db. Each of the two steges is capsble of providing a peierity
(phase) reversed function to provide a white/hot-white cold image but the
module wiring is such that only the second staqe is used for polerity reversal.
As can be seen on the schemstic, potentiometers betweer the first two stages
are provided to adjust channel gain to compensate for veriations in detector
rasponsivity. The final LED drivar stage provides the currant drive to the

LED module to give & light intensity output proportional to signal leveli. i

2.2 TIHEORY OF OPERATION

fa-h gain/polarity control IC stage shown in the schematic of Figure 2-2
consists of three differential smplifiars. Gain control is sccomplished by
controiling the current source to the input diffarantial. The other two dif-
ferantial ampiifiers are connected in parallel. Polarity reverse! is sccom-
plishe’ by turning one or tha other transistor palr on and off, A zero

(ground) input to the polarity control point provides invarting gain whiie
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a negative voitage to the polarity control point provides neninverting

gein,

Gein controi commands | and 2 controi the gains of the first and second
steage respectiveiy. In combinstion s gain control renge of 30 48 is achieved.

The polarity command voitage and the inverse polarity commend voltage
can be fed to two separate input pins on the moduie. Thus it is possible for
10 ampiifiers on the module to be operated inverting and the other 10 be
operated noninverting. This connection can be used when & dusi bies reguistor
is used to bias half the detector esiements with s pesitive bias end the other
heif with a negetive bias. This arrengement has the sdventege of equal loed-
ing of the power suppliies, power supply busses and cammons on each -o!-h.
When & single bies reguistor is used a single polarity control line is used
and the input connector pins are jumped to supply the same polarity commend
to all ampiifiers.

The finel LED driver stegs showm in the schemet ic of Figure 2-3 consists
of a differential ampiifier and & two transistor follower stage. Negative
feecback is supplied from a resistive divider in the follmmr stage to the
inverting input of the differential ampiifier. The video gate end brightness
ievei signals are aliso summed into the non-inverting Ymput. Voitage gain is
set by the ratic of the feedback resistor and the resistence of the |nput
summing network and is eppronimetely 6. The input aiso hes » trensistor

ciamp for DC restoretion.




SECTiON i1
INTERFACE
3.1 COMFISURATION
Figure 3-i shows the pertinent outiine and mounting data for

use of the designer in incorporating the Postamplifier moduie in & systems
leyout. Note that the dimensions end tolerences reflect the ectual drewing
date which In some ceses differ from or supplement the dots in the B2 spec-
ification. Figure 3=2 is e photograph of the moduie and Figure 3-3 is @

perts iocstion drawing.

3.2 IMIEACONNECTING |NFORNMAT QN

The input signals ere received through J1 from ¢ cabie which interconnects
with the output of the Presmplifier module. Output signais, input power end
input commends pass through Pl to e connector on ¢ mother boerd or wiring
Nerness. Each end of the module must be supported by o suiteble mounting siide.
For epplications invoiving severs shock or vibretion, positive meens
shouid be provided to retein ihe maduie in the fully engeged position end
elso to retein the cable connector which engeges with Ji. Access msust be
provided for the test points end for sdjustment of the trim potentiomsters
st the top of the module.
3.1 TMEAMAL DESIGN COMSIDERAT IONS

Although the individual Postampiifier Module power dissipation is onliy
1.67 watts per moduie, very smail in an overall system, it must be taken into
ac_ount during system design. Refer to Section I of Chepter 1, for e detaiied

discussion of the system thermal design considerations.
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NOTE Reference designations for esch nonremoveble identicel
$tage are assigned by prefining with Al-Ak
Example.  C1 Is ASGAIC) on Stage Al
Cl is AS6A2CT on Stage A2
€Y is ASGAICY on Stage A)
C1 Is ASGAAC! on Stage MM

' Figure 33 . Postempli‘ler Module Parts Locetion Dreming
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3.4 ELECTRICAL INTEAFACK DATA
3.6.1  INPUT CHARACTERISTICS

(a) Impedence: 7500 to 12,500 ohms
() Vvoltege/Current/Ripple:

;
j
%

32 +. 8 0.015 averege 100
17 .8 0.015 100
2 +h.8 0.005 *“ 100
13 +h.0 0.005 “ 100
10 4.8 0.030 100 1
30 +7.0 0.030 100
27 -3.5 0.03$ 0.2
n *3.5 0.035 0.2

j

£l lin Na. Cucrant .oominal/
! 3 +*10.0 0.035 everage 100
17 +10.0 0.035 everage 100
2 +10.0 0.035 everage 100
23 +10.0 0.035 eversge 100
10 -6, -7.5 0.035 50
30 disc. - -
7 -b.26 0.0hS 0.2
n +h .26 0.0bS 0.2

3.6.8 OUTPUT CMAQACTERISTICS
(e) lspedence: 195 to 215 ohms
(d) voltags gein: Progremmsdie from 10,000 to '8,000 volts per voit
(¢) Gein control: rangs 0 to 30 @0 minimum
(¢) Current (Migh-paser epplication): 10 23 milliemperes pesk into
icad consisting of t? ke

e
resistor in series wi o
LED

(e) Polerity. polerity function provided allows output to be In phase
or 180° out of phese with input signe!

3.4.3 PROCESSING CMARACTERISTICS

(a) Signel bendwidth: with o loed consisting of a 390 ohw resister
in series with ¢ iight-emitting diode, upper

N | “.




368 frequency 110 260 Miz; lower 340 frequency 6 $2 Mz
t:n-na (20.5¢8 of midband gein) from 30 Hz to 30 AMz
dbend gein referenca: 048 ot | kMz)

(d) Recovery time: £0.2 second fram o | velt, S0 »illisecond step in-
put representing o blast to display e projectile
signal ot the postampliflar ocutput with an input
omplitude .f SO all)ivoirns

11 ¥

Recovery time is messured from trelling edge
of step lmput

(c) AC goin balence: verisdble resistor provided in esch postamplifier
chonne| which alicws 15 d8 minimue ac gain bdal-
ance reange to balence verlietions In detector
responsivity to emplifiar gain verietions

(d) Channel-to-chenne! tracking: meximum veristion in voitage gein of
each chonne! Is 25X of everege gein on
20 chenne! postemplifier over tempereture
rengs of 0° to +55°C; provides speci-
fled trecking without reedjustment of
channel gain controls over specified
turs renge; trecking error Is
2108 over tempereture renges of
*71° te55°C ond 0° to -54°C

(0) Voltege gain drift: meximum veristion In aversge voltage goin of
20 chennels on sech postemplifier Is 210% of
average goin st amblent, over opereting temp-
areture rengs of 0° to *71°C end 215% of aver-
age goin ot ’ﬂlm. over opereting tempersture
renge of -54° to 0°C

(f) Galn tracking error: Channel-to-chennel gein trutlot error i3 with-
in t 5% over gain control renge (3048 minimum)
ot emblent tempersture; gain trecking error |s
4 25% over tempersture renge of *55° to 0°C
ond is & 2 108 over tespersture renges of
+€5 to 71°C and 0° to -SM°C

3.6 4% AMCILLARY ELECTRICAL DESIGN CONSIDERATIONS
(1) Since no meximum input signal amplitude nor percent ocutput distortion
for different input signal emplitudes ere specified, the meximun in-
put signal smilitude for an aliowsbie percent output distortion

should be detemined prior to its system use.

-l “o




- IS, Ny =

3Jd8 frequency 110 th0 kMz; lower 3d8 frequency 6 22 Mz,
{ in-flat (20.5¢8 of midbend gain) from 30 Mz to 3O kMz
midbend gain reference 048 ot | kMz)

(b) Recovery time: £0.2 second fram ¢ | voit, SO millisecond step in-
put reprasenting & blast to displey a projectile
signal at the postemplifier output with an input
omplitude of SO millivolts

NoTE,

Recovery time is messured fror trailing edge
of step |nput

(c) AC gain balence: verisble resistor provided in each postempiifier
channel which ellcws 15 d8 minimun ec goin bel-
ance range to balsnce veriations in detector
responsivity to emplifier gain veriations

(d) Chennei-to-chennel trecking: maximum veristion in voitage gein of
esach channe! is =Sk of everege gain on
20 channe! postemplifier over tempereture
renge of 0° to *55°C; provides speci-
fied trecking without reedjustment of
chennel gain controls over specified
tempersture renge; tracking error is

$ 210X over tempersture renges of

+71° t0e55°C ond 0° to -5k°C

I () Voltege galn drift: meximum veristion in aversge voltage gein of
20 chennels ¢n sech postamplifier is 210% of
aversge gain at smbient, over opereting temp-
erature range of 0° to *71°C end 215X of ever-
age galn ot ambient, over opereting tempersture
ronge of -54° to 0°C

(f) Gein trecking error: Chennel-to-chenne! gein tracking arror is with-
in t SX over gein control rm’)“ ®inimm)
ot embient tempersturc; gein trecking error is
% *$% over tempersture range of *55° to 0°C
and is S 2 100 over teuperature renges of
' to NM°C ang 0° to -5M°C

o ANCILLARY ELECTAICAL DESICN CONGIDCAATIONMS
(1) Since nc manimem input signel emplitude nor parcent output distortion
for d!fferent input signal esplitudes ere specified, the mexiowm in-
put signel amlitude for an eilometie percent output distortion

should de determingd prior to its system use.
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(2)

)

(s)

The maximum drightness 1ight emitt ng diode (LED) displey will be
obteined using "high pawer systes’ supply volteges, |.s., noming)
voltegmof +4. .25 ¢16.0, ~4.25 ond -7.5 volts dc. capable of sup-
plying a total of 2.05 wetts. If pawer is a significent design
constraint, the ""low power systes’' supply voltages should be usaed,
ls0., noming) +3.5, *4.8, +7.0, -3.5 end 4.8 volts dc capable of
supplying o total of 0.77 wett . The use of "low power systesa’
supply voliteges, however, will result in ¢ less bright displey.
The dotal led Input power regquirements sre described in 3.4.2.

To avoid cross talk, input channel signal leads should not be
bundled together., In eddition, to svold extraneous plck up, the
input channs) signal leads should be kept sway from other high
smplitude end or high frequency signel sources.

The specifisd input impedence of 10,000 ohms nominel. and the
speci fled output impedence of 205 ochms nomine! are only velid

ot | kilohertz. At other frequencies, the impedencs velues

will change accordingly.

The '"Polerity’, "Video OFF Time'', Video ON Time IR Gate ond Leve!
Commend'’' end '‘Gein Commend’' operetions, functions of tha Post -
smplifier/Control Driver, can be programed by meens of outputs
provided by another Common Module, such as the Auiliary Control,
Video (see Chapter 4).
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SECTION IV

G0 GEMEMAL

This section provides information on the test and allgnment requl remsnts
to be considered In the use and application of the Postamplifier/Control

D-lver Module. Presented hurein are the test equipment requirements, test

tet-up, adjustment and alignment techniques. I

4.2 TEST EQUIPMENT |
The folliowing,or equivelent test equipsent |s required to perform the

necessary operational tesis, alligmments, adjustments on this module.

& 2.1 STANGARD TEST EQUIPMENT

] : Table k-1, following, presents o listing of cammercially aval lable

equipn- ¢t which has been found to be sdequate for testing of the Postasplifier.

Table 4-1
STAMDARD TEST EQUIPMENT

EQU IPMENT MAMUFACTURER MOOE L
Signa! Generator Wavetek 1o ‘
vou S impson 260
Osci | loscope Tektronics 653
VTVH Mowlett -Packard 14000
Power supply (5 re- Lambda LPD L22FG

quired)
4,2.2 SPECIAL TEST EQUIPHMENT

In order to provide a convenient meens of intercomnecting the various

equiomant used In testing the Postamplifier, a control unit or test set s

required. Such a tes: set may be fabricated from the Informstion in Figure b-i.
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4.3 SPECIAL TOOLS

No special tools are required to test the Postamplifier.
L.L TESY SET uP
Figure 4-2 I3 a typical Interconnection diagram.
L.§ T ; I F
In order to determine that the Postampliifier module meets
ts performance requlrements, the following test sequence (s recommended.
L.5.1 ELECTRICAL TESTS AND ADJUSTMENTS
Perform each test as specified In the folloving paragraphs in the order
presented. As each actlion Is completed verify s proper response or Indicaticm
before proceeding toc the next action.
4.5.1.1.1 Connect the Postamplifier module to the test set as shown In
Flgure b-i.
L.5.1.1.2 Interconnect the test set and test equipment as shown in Flgure &4-2.
Initial connection of the VTVM shall be to TP &,
L.5.1.1.3 Verify that all the above connections are properly made.
L.5.1.1.4 Using an ohmmeter, measure the res!stance between test points | and 3.
The ohmmater Indication shall bu | kK ohm = .02 X obm.
L.5.1.1.5 mMeasure for resistance between test points 2 and 3.
The resistance shall be 6.19 kK ohm = 0.12 K ohm.

L.5.1.1.6 Turn on all test equipment and adjust power supply outputs as follows

- 3.5veC ¢ 0.1V -L.BVDC * 0.V
+ 3.5vpC = 0.1V + LB v = 0.V
+ 7.0VvDC = 0.1V

“.5.1.2 input Pewer Nessuremsnt

4.5.1.2.1 mesasure the current being drawn from each of the supplies by the

postemplifier.
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SYNC
- A
SIGNAL VTV
- CHan 4
)
e
' |
L -l
TPe T™™S,J9 1
48
A
TEST SET
43 Je 49 7 I8
-3.3vOC I +38v0C -QIV'.CI |-44 evocC I +70veC
A D 4
v
POWER SUPPLILS
e

Figqure 4-2.

Postampliflier Test Setup
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The current drawn shall be within the following limits

Vol tage _Current Voltage s —
- 3.5v WO me 2 10 me - LBV 30 ma ¢t 10 me
+3.5v 0O me ¢ 10 ma + b v 110 me =2 40 =

+ . N JOme £ 10 me

4.5.1.3 volgage Gain Test
4.5.1.3.1 Adjust the GAIN BALANCE potentiomster, Figure 4-3, fully clocieise
(maximum gain) on each of the 20 chamnels,
4.5.1.3.2 Adjust gain level on test set fully clociwise.
4.5.1.3.3 Adjust the signsl generator output to provide an input signel
of 30 miflivolts at | kiMz to test point & (Flgure k-1),
4.5.1.3.8 Set the test set CHMAMMEL SELECT switch to position |. Read chenme!
output on the YTVt  connscted to test point S, J49.

Channe ! output voltage shall be nno less than 378 millivoles,

NOTE

An output voltage reading
of W20 W res s equivalent
to » voltage gain of 18,000
voits per volt. The maximus
voitage gain of esch chennel
fs glven by

e
A, = _out x 999 x I..3

®in
The test set input resistor
division ratio Is 999 to !
and the output reslistor
division ratio Is 1.43 to V.

L.5.1.3.5 nepeat paregraph L. 4. 1.3.4 for chennels 2 through 20,
L.5.1.3.6 Return CHANNEL SELECT mweitch to position |1,
4.5.1.4 Galn Control Range

In order to determine the individual gain range of each chenme!

sroceed 8% fol lows
-133-
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b.5.1.k.1 wWith the CHAMEL SELECT switch in position |, ond the Postampl!flier
Channel 1 GATIN BALANCE potentiometers fully clocieise, note the output voltage
rrading on the VIVN connected to TP 5. Adjust the GAIN LEVEL potentiomster
fully counter-ciociise. _

The output volitage sheil decrease by 30 @b minimm,
b.5.1.4.2 Repeat peregraph b.b.1.4.1 for channels 2 through 20.
4.5.1.5 Channel Bendwidth

Connect » OC Voltmetcr between J 10 and ground. Adjust the test set

GAIN LEVEL control for 0.0 V dc.
4.5.1.5.2 Check signal gemerator output at test point &, Readjust to 30
mitilvolts | f necessary.
£.5.1.5.3 Set the test set CMANMEL SELECT switch to position |. Incresse
the signal gemerator output frequency until the VTR st test point § Indicates
an ocutput ~altage decresse of 3 @. (.707 of the leve! at | iMz).

The chenne! bendwidth shell be 110 kiz ¢ b0 WMz,
£.5.1.5.6 Ropeat paregraph b.4.1.5.4 for chenneis 2 through 20.
4.5.1.6 Polarity Test
.5.1.6.1 Assure that oscliloscope chennel A |s comnected to TP &, chenmel 0 to
TP S. The oscilloscope s to be externally synchronized with the Postampiifier
input signal,
6.5.1.6.2 Se* the test set CHAMMEL SELECT switch to position . Set test set
POLARITY switch to POSITIVE position. Observe oscl!ioscope display of Post-
solifle- input signal, TP &, and output signal TP §,

The input signal and output signal shall be out of phese. Ver!fy
phesing of chennelis 2 thruugh 20.




©.5.1.7 Qutawg Woise Yoltage
5.5.1.7.1 Adjust GAIN LEVEL on the test set fully clociarise.

£.5.1.7.2 Set test set POLARITY switch to POSITIVE.
£.5.1.7.3 Remove all connections fram test set Input.
&.5.1.7.4 With the VTV connected to test point S, msesure the nolse voltage
output of channeis | through 20.

The output nolse volitege shell be equel to or less then 150 el llivelts.
4.5.1.8 TIest Poing Comgimyity
5.5.1.8.1 Connect signal generetor to test set input and sdjust generetor output

to provide an Iinput signal of 30 millivoits ot | iz at test point &,

6.5.1.8.2 verify continuity of test point resistor snd conductor by observing
the output waveforms on the oscliioscops; wing » scope prohe mamentar!ly atteched
to each of the 20 printed wiring boerd test points. (See Flgure &-3)

&.5.2 RECHANTCAL ALIGIOENT
While no machenica! aligmment is required for the Postamplifier,

! when system layouts are being comsidered, orientation of the asdule should ol las
| ready sccess to the twenty (20) GAIN BALANCE potentiameters.
&4.5.3 ADNSTVMENT IN TME SYSTEM

when installed In o system, the GAIN BALANCE potentiameters of the Post-
smplifier are gdjusted to balance veriations In detector slemant responsivity to
smplifiar chomne| gain veriations. A typica! procedure would be as follans:
8.5.3.) wWith the Postamplifier amadule Instalied In & system,
and the systam non-operating; sdjust all GAIN BALANCE potentiommters to the
center of thelr rongs. Olseble and lock the scenner In o fined position.

5.5.3.2 Prepere on infrared target of sufficient size and tempereture such #s to

-1%6-
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cause the radiated energy to Impings upon esch detector slement completaly
i and uniformalily. Provide o '‘chopper whee!' to modulate the signel.
4.5.3.) Emargize the system. Using an oscilioscops and probe, cbserve the
{ output at esch of the test points on the PostamplifiL-. As en siternste ssthod
l ¢ 08t set mpy be febricated to allow simslitaneous viewing of the outputs by
connecting the outputs to sultiplaxing circuitry synchronized to system clock
frequency.

h.5.3.6 Depending on the perticular system requiresents, adjust each of the

GAIN BALANCE potentiameters to equalize the outputs, e¢.g., establish o “1ine

of balence’ appronimstely 8 @ between the highest end Iawest chenne!. Adjust
all outputs to this line. This will gllaw for additions! future trim adjustments .
4.6 SPECIAL MAINVEANCE AEQU IAEMENTS

The Postamplifier module requires mo special meintensnce asttention

e —— T R

other then the routine procedures follasmd for ganers! electronic equipmnt. WMo
time chenge components are contained in this modulas.
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SECTICN |
GENERAL DESCRIPTION

|
| 1.1 INTROOUCTION

The Infrared Video Auniliary Control module, hercinafter calied the
! suxiliary control, provides video signel control functions for a comwon mod-
i ule infrared system. These control functions reguiste Infrared signai gain,
amplitude and polarity. The moduie aiso provides positive and negative
voltege reguiators, scen failure protection and polarity transient sup-

pression,

’ 1.2 INVEMOED USE OF ITEM
The auniliary control module has been designed to interfsced with
other mgjor common and specisi modules to form an integreted Forwerd l.uok-
| ing Infrared (FLIR) or Thermal Imeging System. The primery function of
the sunilfliary control module is to serve &3 the intsrface betwasen the
l system controls such ss contrast, brightness snd polarity controls and the
system power supply, the scenner, and the post amplifier/control driver

moduies. The auniiisry control moduie precvides control and processing

circuitry for gain commands, brightness and video gate caommands, polarity

commends ond positive and negative volitage reguiators.

i 1.3 TECHMNICAL SPECIFLCATIONS

The technical specifications of the Aunilisry Control moduie sre o8
‘ foliows:
Parasmte’ Samcification

'- IR Leve! and Gete out Signel IR Leveli: 0 to =i.5 Vde
Gots out: *1.0 Vdc squerewave

) ”.
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Paramater fascification
IR Gain Commend Voltages
Gain Commend ! -3.0 to 3.0 Véc (nominel)*
Gein Cosmand 2 0.0 to 0.5 Ydc (nominel)*

IR Polarity Control

Polarity Trensient Protection

Scon Fallure Protection

Supply Voitege and Current

Vol tage (Migh Pawer)
(Low Powar)

Current (10 voits dc)
(7.5 volts dc)

Reguistor Outputs

Positive

Negative

*Voltege limits will depend on
system reqQul remgnts

"..‘ “.ts “‘ or ')os 1'05 ““
inverted with respect to each other

+1 volt (nominal) geted level on
the IR jevel and gate weveform,
dureation of 140 240 =il )iseconds
ot esch operation of polerity
switch

Continous *! volt (mominel) gated
lave) on IR jevel and weveform
when gote signel not recelved
for duretion of greater then

120 +4&0 =i | iiseconds

+10 volts dc and -7.5 voits dc
25.8 volts dc and 27 voits dc

20 23 oA pius 2.5 2V sA/Chennei
21 23 oA plus 2.5 21 sA/Chennel

+3.0 to +4.5 Véc (odjustadie)
=3.0 to -4.5 Vdc (adjustedie)

NOTE.

In mechanical specifications invoived with in-
terface requl rements such as mechanical con-
figuretion, interconnection and mounting in-
formetion, refer to Section I1I.

.‘ “.




SECTION 11

FUNCTIONAL DESCRIPTION

2. GENEAAL

The euxiilery control module servas es ths interfece between system

contrnls end the s ;stem power supply, Scenner, and Post Amplifier/Control
Oriver modules. The module provides processing circuitry for gain control,
If jevel end gete control!. polarity control and positive end negative voltege
reguistors. Test points are provided for the two gein commands, the polerity
comaands and tha composite brightness (IR level) and video gete signel.

To develop the gain control signals, en external gain control po-
tentiometer is connected to the input of ¢ unity gain buffer stags which
in turn drives & network of four irim potentiometers on the module. These
trim controly are used to set the upger and lower 'imits of goin commend
volteges | and 2. The gain commends ere eoch processed through s summing
emplifier which includes ¢ tempersiure compensating diode to help msin-

tein gain stebility over tempersture extremes. Gain commend voltages | end

2 are then weighted for system requirements and fed to the first and second
steges of the Post Amplifier/Control Oriver mndule es Gain Commend | end
Gein Commend 2.

To develop the IR level snd gete out signals, the OC volitege on tim
erm of en external brightness control potentiometer is similerly buffered
ond summed with the video gete signal. Trim potentiometers sre provided to
set brightness and dlenking renge. The polerity control signal Is siso
fed into the drightness channel to sutomstically sdjust displey bright-
ness when the polarity switch is activeted. The polerity commend end in-
verse polerity commend ere essentislly the ssplified end Inverted signals
from the polarity control switch, The circuit sutometicelly suppresses
switching trensients that might occur during switching.

-1kl -




The positive and negative regulstor circuits ere Both stenderd series
peass type regulistors which reguiate high or low power voitege |nputs from

the system pawer supply before they are fed to the other modules of the

system,

2.2 TMEOAY OF OPERATION

2.2.1 GAIN CONTROL CIRCUIY

The infrered gain control or gein commend circuit generetes and epplies
two gain corsend signals (Gein Commend | end Gein Commend 2) to externally
connecte’ video circuits. Referring to Figure 2-1, Sheet 2, the circuit
consists of three Integreted circults (IC's) AR1, AR2 end AR} end tren-

t stors Qik end QS.

The dc level (0 to 3 voits dc) on the wiper of en external IR Gain po-
tentiomater iy sppiied to the inverting input of & high impedance unity gsin
buffar empiifier ARI. The stebie dc signel level output of AR! iy epplied
ocross trim potentiometers R37 end RI8 which are edjusted to set the mexi-
mue goin of Gein Command | and Gein Commend 2 respectiveiy. Trim potentio-
meters R}9 end RU8 ere similerly edjusted to set the minimum gain of the
two gein cammands. The dc levels on the wipers of R37, A8 end R38, RI9
ere spplied to the inverting input of ampiifisr AR} and AR2 respectively.
Diode CRI1 gnd essocieted resistors Rb9 end RS! provide tempe-eture com-
pensation to help maintein gain stebiiity over tempereture extr-emes.

Tiw output of ARI is applied to the bese of drive try - -2(ar QS which
oni*tar couples the dc level to comnector pin P1-22 es Gain Command 1 Out
signel. Simileriy, the output of AR2 is spplied to the bese of drive tren-
sistor Qik and emitter coupled to connector pin M -] es Gein Command 2 out.
142~
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The —a2in Command | and Gain Commend 2 signais are fed to the first and sec-

P ond stages respectively of the Post Ampiifier/Control Driver moduie.
) 2.2.2 IR LEVEL AND GATE OUT SIGNAL CIRCUIT
|
| The IR level and gate out signai circuit genmerates the cutput signal
1
1 functions which control the system video signal on and off times. Referring

to Figure 2-1,Sheet 2, the circuit consists of two IC empiifiers, ARL and
] MRS, and six transistors, Q16 through @)

The dc ievel on the wiper of an external system brightness (IR Level)

control Is spplied to the noninverting Input of buffer ampiifier ARL. The
dc level output signal of ARL s appiied across potentiometer R71 (IR LEVEL

NEG. ADJ.) which s used to set the system brightness range. Potent iometer

R82 (GATE POS ADJ) is used to set the system bianking range. The wipers of
R71 and RE2 are applied to the inverting input of ampiifier ARG, The IR

| gate puise and polarity transient supdression signals are also added to the

IR jevel at this point a3 described in more detai! in foliowing paragvaphs.
The output of ARS is appiied to the bases of compiementary coupled drive
transistors QR0 and Q@) and is emitier coupied by Q0 and @) to the ex-
ternally connected video circults through connector pin PI-10 as the IR
Level and Gate Out signal.
The IR Gate puise generated during scan turn around by the Scan b Interlace module
is applied to the bese of transistor QIL, turning Q16 on. The output pulse of
Q6 is capacitiveiy coupied by capaczitor C13 to the base of transistor Q7

turning Q17 off. Wiil Q7 off, the dbese of tramsistor QI8 is biased on for

the duration of the IR Gate puise input. With QI8 on, the IR Gate pilse is
asdded to the IR jevel at the inverting input of empiifier ARE  The design

l of the IR Gate clrcult also provides scon fallure protection. Fallure of
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on IR Gate pulise input for a period grester then 120 240 mi|||seconds

permits capacitor C13 to charge to its peak value through the emitter

base junction of trensistor Q7. When C13 approsches its peek cherge,

the base of U ) will be reverse blased shutting U7 off. Wieth Q7 off,
transistor U8 is turned on and holds the IR leve! and gate out signal in the
gate mode. This protects an imege intensifier tube or other pick-up device
uzh a8 a vidicon tube from demege that might occur If alliowed to dwel! on

an emitter array without scan for an extended period of time.

2.2.3 POLARITY CONTROL CIRCUIT

The polarity contrsl circult generates the polarity and inverted
polarity commends for the system video circults and & polarity transient
suppression signal which (s added to the IR Leve! and Gate Out signel to
prevent blooming of the viewed video display when the polarity switch s
activated. Referring to Figure 2-1, Sheet 2, the circult consists of
transistors @2 through @8 and IC amplifier ARG.

Activating the external system polarity switch connected to connector
pin Pi-1 spplies -4.8 volits dc to the base of buffer ampiifler tramsistor
@2, turning @2 on. The signal on the collector of @2 is sent to the
video system through comnector pin P1-2 as Polarity Commend. In addition
the signal s alse inverted by transistor Q@8 and sent to the video system
through connector pin P1-14 as Polarity Commend (Inverted).

When buffer amplifier Q@2 s turned on by activation of the polarity
switzh, the voltage drop ascross resistor R92 turns pulse shaper trangistor
Q@3 off developing a negative going pulse on the collecter of transistor
Q@QL4. T™e negetive going puise s capacitive coupled by cepacitor C15§ and

forward bisses diodes CR14 and CR1S5 thus turning @b off With Qb off,

-1k




L g

transistor Q5 is turned on and discharges capacitor C16. The resultsent
square weve shaged output puise from the collector of Schwitt-trigger
circuit transistor Q@4 is spplied to the inverting input of IT emplifier
ARG. The output of ARG s sppiled to driver trensistors Q26 and @7. The
output from the emitter of @7 is applied to the base of trensistor Q9.
Thus, the polerity transient suppression signal on the collector of Q19
is added to the IR Level at the inverting input of ARS to prevent

| bloaming on the viewed video display when the system polarity switch is

activeted.

2.2,k VOLTAGE REGULATOR CIRCUITS

The positive and negative voltage reguiator circuits are both stend-

ard series pass regulators. They are designed to operate in elither of two
modes . & low power mode (4.8 volts dc and 7 volts dc), or & high power

mode (#10 volts dc and -7.5 volts dc). Referring to Figure 2-1, Sheet |, the

l positive voitage reguistor consists of tramsistors Q) through Qb end the

| neget ive voltage reguistor trensistors QB through Q3 with FET trensistor

QU common to both regulistors. Since the positive and negetive voltage reg-
ulators ave mirror images of esch other and both operate in the seme mgnner,
the description of the positive voltage reguiator provided in follawing pere-
grephs wiil also hold irue for the megative reguleator with sppropriaste changes
in reference designations.

In the high power mode, the +10 voits dc suppl, voltege from the system
power supply (s applied to the collector of series pass trensistor @ through
connector pin P1-23. The bate current of @, and therefore the voitege
drop across QU and the resultant output voltage at the emitter, iy controlled

by drive tramsistor Q@ . FET tronsistor Q7 ects iike & verisble resister to
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heep the voltege scross diodes CA2 and CR) comstent, thus meinteining
the base-emitter voltage of trensistor QI comstent. Therefcre, tremsistor
QU oscts a8 2 constent current source to provide current drive to tremsistors
@R, B and Q.

In the law pawer mode. operation s similar to thet described shove
except thet trensistor Q@ scts s the series pess trensistor Insteed of
@. ™e low pawer supgly voltage is spplied to the collector of @ through
conngctor pin P1-18. Transistor Q@ scts Ilke 8 diode because, with reverse
bias on diode CR1, the collector of @ is an open circuit.

Trensistors Q6 and @ form & voltege sensing differential ampliifier
which compares the portion of the output voltage estsblished by the set-
ting of potentiomster R12 and applied by the wiper to the bese of @ to »
reference voitege on the bese of Qb estadblished by resistor Rik snd 2ener
diode CRS. Should the output voltege start to incresse, the base drive of
Q@ Incresses, decreasing the drive current to transistors @ end @,
and returning the output voltage to the velue established by the
setting of R12. Should the output voltage stert to decresse the bese drive
of @5 decresses, thus increasing the current through Q@ and @ until the
output volitege returns to normal. Potentiometer R12 providing the vol tege
sensing voitage to the base of Q5 can be edjusted to provide » reguisted
output voltage of from 3.0 to 4.5 volts de.

Transistor Qb acts es @ current limiter to provide short clrecult over
current protection. Under normel operating cenditions, the volitege drop ecross
resistor R9 is not sufficient to bias Qb on. Hawever, If a short clrecult
condition should develop in the externslly connected loed, the voltege drop

scross R9 would Incresse sufficiently to turn Qb on. With Qb on, the bese
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drive current supplied to @ by the comstent current source would be used

by Q¢ thus decressing the current aveileble for @ end Q. Turning off

@ ond @ protects the module from demege due to encessive cur‘ent over losds.
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SECYION 11
INTERFACE 4

3T CONFIGURATION 4
Figure 3-1 shows the perti!nent out!ine end mounting dets for use of the

designer in Incorporeting the Auniiiary Control medule In » system lsyout.

Note thet the dimensions snd tolerences reflect the actuel! drawing dete

which in same coses differ fram or suppliament the deta in the 82 specificetion.

Figure )=2 is a photograph of the moduie and Figure )-) i3 e poarts

ye

locetion drawing.

§ -zt

J.2 (MVERCOMMECTING (NFORMATION
All signeis and cammands are connected through P! to » conmector on

4
s motherboard or wiring herness. The test connector J8 Is not used In l]
normal operation but the designer should consider providing cleerence
s0 thet s test plug can be connected to it without need for using an extender |
for PI. Access should be provided to the trim potentiameters et the top

of the sndule. Cach end of the modulr mmet be supported by e suitebie mounting ]

siide. for spplicetions invelving severe i*ock or vibretion, positive mecns

should be provided to retein the modu.e in the fully engeged position.

3.) THEMMAL DESIGN COMSIDERATIONS

Aithough the Auniliary Control Medule power dissipetion is only 2.26 wetts,
relatively small in the overe!! system, it must be tshen into sccount
during syster design. Refer to Section i1 of Chapter | for o detelied

discussion of the system therme! design consideretions.
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Figure 3@ Photo of Auniliary Control Module
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3.6 EARCTRICAL INYEAFACE DATA
3.4.0 INPUT CHARACTERISTICS

(s) Voltage:
(») Current:

+10 end -7.5 volits dc or *+ 4.8, ond ¢7, -7 volts dec

28 ) milliomperes plus 2.5 21 milliamperes per chennel!

at +10 volts dc and 21 23 milllamperes plus 2.5 2) millic

amperes per chennel at

3.6.2 OUTPUT CMARACTERISTICS

7.5 volts de

"o TO - 1.5 VOLTS (IR LEVEL ADJUST )

g9oin commend voltege | -3.0 to
3.0 volts dc nomingl; n com-
mend volitege 2, 0 to 0.5 volt

sdjustable, *).0 to *4.% volts dec
edjusteble, -3.0 to 4.5 volts dc
40.6 20.25 volt dc or -3.5 21.§
volits dc; outputs will be Inverted
with respect to esch other

(a) IR level and gete: rectenguler weveform, ¢! gnd 0 to -1.5 volts
noming! a8 follows:
+)VOLT (GATE LT )
°.“——*F——-h ————— b———r——
'Viog0 viIOEO ON
Repotition rete, duty cycle, and weveform vcitege
limits will depend on system requirements.
(d) IR gein commend volteges:
dc nomine)
NOTE:
Gein commend voltege limits will depend on system
requi roments.
(c) Positive reguletor:
(d) Negetive regulator:
(o) IR polerity control:
(f) Scan fallure protect:

JA.3 PROCESSING CHARACTERISTICS

(a) Polarity trensient suppression:

o1 S

cont | nuous level of +1 volt
noming! on IR jevel and gate weve-
form when gete signal not recel ved
for duretion greater then 120

2h0 mi))iseconds

Provides a geted level of ¢! volt
2ominal on IR level end gete weve-
form for 160 240 milliseconds ot
each operation of system pole~-ity
switch

o T .
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3.4 6 ANCILLARY ELECTRICAL DESIGN CONSIDERATIONS
(1) Although the Auxillary Control module has o specified reguisted

adjusteble output of from ¢3.0 to *4.5 volts dc, It should be

noted that zener diode N746A (CRS on schemetic diagrem Figure 2-1,

sheet 1), used in the regulator clreuit, has & retiny of 3.3 volts.

| If o voltage renging from 3.0 to 3.3 volts |y attempted to be
1 used, excessive ripple and a non-regulated output is llkely to be
obtained.

(2) The Auxiliary Control moduie is capabie of operating with a "low

power system supply voltage'' or a “high power system sumply voltage'

as follows:
Conmector Low Paser System High Power System
(4] Supply Voltage Supply Voltege
N3 lain %o, )* fvolts. dg})
18 +7.0 No connection
23 +% .8 +10.0
20 7.0 - 7.5
25 4.8 -7.5

*See schematic diagrem Figure 2-1, sheet !}

There is no edvantage in operating the Auxiliary Contral with the "high

power'' supply voitages. If the system unique power supply hes the cepebi ity
of supplying the "‘low power'’' supply volteges, the ‘low power'' 3upply voltages
should be used.

(3) The Postempiifier volteage gein is progremmeble from 10,000 to 18,000
voits per volt by msens of the '‘Geirn Commend' outputs of the Auxiiliary
Control module. The '‘Gain Commend’' outputs sre set ty 10,000 ohm
resistors R37, R3IB, R39 and RUB (see schemotic diagram Figure 2-1,

Sheet 2) and must be adjusted to provide the gain as requi red by

the system,




(W)

(s)

The IR Gain (Contrest), IR Level (Brightness) and Polarity control
shown on schemetic diagrem Figure 2-1, Sheet 1 are pert of the
system unique Front Panel and are shown for reference only.

The system required IF Level and Video ON-OFF time ere provided
by adjustments of resistors R71,  S000 ohms and AB2, 10,000 ohes
repectively (see schemetic diagram Figure 2-1, Sheet 2) and must

be set sppropriastaly.
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SECTION 1V

AL TGNMENT /MAINT ENANCE

L) GENERAL

This section provides informstion on the test and aligmment requi rements
to be considered in the use and epplication of the Auxlliery Contro! Module.

Presented herein sre the test equipment requirements, test set wp, ad-
Justment, and alignment tachniques.
6.2 TEST EQUIPHENT

The following, or equivelem, test equipment is required to perform the
necassary operational tests, aligrnments, edjustments on the Auxiliery Con-
trol Module.
§4.2.1 STANDARD TEST EQUIPMENT

Teble b-1, following, presents » listing of commerciaily aveilable equip~

ment which hes been found to be sdequate for tasting of this modsle.

TABLE 4-!
STANDARD TEST EQUIPMENT

EQUIPMENT MANUFACTURER MODULE
Power Supply Lombda LPDL22 FM
Osci1loscope Tektronics LS
Function Generstor Wavetek 110
Digite! Multimeter Fluke 80004

b,2.2 SPECIAL TEST EQUIPMENT
A test set should be fabricated to provide s convenisnt means Nf aount-

ing the module, Intarconnecting test equipment, and providing the input control
ond loed simuletion reqnired. Ses Figure b-1.
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4.5 SPECIAL TOOLS

No special tools are required to test the Auxiiliary Contro)l Module.
L.k JEST SET uf

A typical test set up inter-connection diagrem is shown in Figure L-2
4.5 CALIBRATION-PREPARATION FOR USE

Operational status of the Auxilisry Control Module me; be determined
by the following tests.
L.5.1 ELECTRICAL TESTS AND ANJUSTHENTS

Perform mach test in the order presented. As eech action is completed.
veri fy a proper ~esponse before proceeding to the next.
L.5.1.7 Eauiument interconomction
4.5.1.1.1 Connect the Auxiliary Control Module to the test set as shown
in Figure bt
£.5.1.1.2 Using the ohmmeter function of the digital multimeter, measu-e
the resistence between test point 8 and test point 1.

The resistance shall be 1.0 K ol 20.02 K ohm.
4.5.1.1.3 Messure the resistarce between test point | send test point 6.

The resistance shall be 5.09K ohm 20.11K obwn.
4.5,1.1.4 Interconnect the test set and test equipment as shown in Figure Le2,
L.5.7.1.8 Verify that all the gbove Interconnections are properly mgde.
L.51.1.6 Turn all test equipment on and adjust the power supplies to 7.0V
20.) and =7.0 20,1V,
k.S 1.2 Input Current Measurement

Using the miiliemamer function of the digital multimeter meesure the
current being drawn from each of the supplies by the Auxiliary Control Module.

The current shatll be 18.0 ms 5 me for each of the supplies
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Figure 4-2 Auxilisry Control Module Test Setup
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“.5 13 Posigive Reguister Outaut Aense/Asculaticn
L.5.1.3.1 Wish the digite) msultimeter, in voltage mode, connected to test
point &, adjust *ha poesitive regulator potentiometer, RI2 on the module,
over Its full renge. (see Flgure 4=3 for location of R12),

The ocutput voltege shel! very between +).0 to 4.5 Vde.
£,5.1.).2 Resdjust positive reguletor potentiometer to ).5 20.1V et test

paint &,

4.5.1.3.) Momenterily depress the *Reg Load switch, Note: the digitel meter
indlcation,
The difference between the resdings of 4.5.1.3.2 and 4.5.1.3.3 shall
be no more then 3O millivolts.
4.5.1.4 Megative Reguletor Output Aenge/Agguietion
4.5.1.4.1 Connect the digitel meter to test point 3 end sdjust tha neget)ve
reguiator potentiometer, R18 on the module, over Its ful) range. (see Figure 4-3)
The output vo'tage shell very between -).0 to -4.5 Vde.
4,5.1.6,2 RNesdjust the Negative Reguistor potent iometer to ~3.5 20,1V gt
test point ).
4.5.1.4,) Momenter|ly depress the - Reg Losd switch. WNote the resding,
The difference between the resdings of 4.5.1.6.2 and 4.5.1.4.3 shal) be
no =ore then )0 millivelts,
<.5.1.5 Gain Commend Rsnoe/Mequletion
“.5.1,5.7 AMdjust the test set IR Gain Control to memimus cloclerise position,
4.5.1.5.2 Adjust module Gain Command | and 2 Max Adj (R3) end R3B) to ful)
counter cloclerise position,
+.5.1.5.) Connect the digite! meter to test point 11. Adjust module Galin

Commend 2 Min Ad] (R39) to obtain -2.0 0.1 Vdc ot test point I
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Figure -3 Auxiliary Control Location Of Potentiomsters,
Test Points, and Connectors
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b.5.1.5.4 Connect the digite) meter to test point 10. Adjust module Gain
! Command | Min Adj (M48) to obtein -2.0 20.1 Vdc st test point 10.
4.5.1.5.5 Adjust module Gain Commend | Max Adj (R37) to obtein 1.0 *0.1Vec
at test point 10,

£.5.1.5.6 Connect the digita! meter to test point 11, Adjust module Geln
Commend 2 Mex Adj (R3B) to odtaln ¢ 2.0 20.1 Vdc st test point 11.

! 4.5.1.5.7 Rotste the test set IR Gain Control over Its full renge.

| The Gain 2 output volitage et test point 11 shall very between 2.0

0.1 Vde to -2.0 0.1 Vde.

4.5.1.5.8 Turn test set Gain 2 Loed Switch on and repest paragraph 4.5.1.5.7.

The 98in 2 output voltage shal! very between +2.0 20.1 Vdec to -2.0 20.1 Vde.

£.5.1.5.9 Move the meter connection to test point 10 to monitor the renge for
gein IV,
£.5.1.5.10 Adjust the test sat i) Gein Control over iIts full renge.

The Gain | output voltage at test point 10 shell vary between +1.0 20,1
Vde to -2.0 20.1 Vde.
b.5.1,5.11 Turn test set Galin | Losd switch on end repest paregreph 4.5.1.5,10
L.5.1.6 IR ievel Command Ransa/Aeguietion
b.5.1,6,1 Set the Test set IR Leve! Control to its full clociwise position,
4.5.1.6.2 Set the module IR Leve! WNeg Ad] (R71) fully counter cloclwise.
L.5.1.6.3 Apply a2 10 volt, 60 Mz signal to the test set IR Gate Input at
shown In Flgure 4-2.
4,5.1.6.4 Monitor the IR Leve! output with en osci|loscope connected to

tes:point §.

' 4.5.1.6.5 Adjust module Gate Pos Ad) (R82) to set the positive portion of
. the waveform to 1.0 0.1 volts, (See Flgure u-k)
[ o
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8.5.1.6.6 Adjust mndule Leve! Neg Adj (R71) to set the negetive portion of
the wevefors to -1.5 0.1 voits. (ses Figure L-k)

ve o

o — —-4»---*&--4»-—0—— -—-— = -

-19YVH0)

IR GATE LEVEL OUTPUT (IR LEVEL CONTAOL
MAX Ov)

FIGURE &-&

6.5.1.6.7 Rotete tive test set IR Leve! Control frem Its fully zloclrlse
position to fully counter cloclesise end back to fully clocieise.
The output volitege shell very from thet shawn In Figure &<k to thet of

Figure &5, ond return to Fle re heb,

LK X-21

sael bt bd lovows — |

IR GATE LEVEL OUTPUT (IR LEVEL CONTAOL
nax COw)

FIGURE L-§

6.5.1.6.8 Turn test set IR Leve! Loed switch on end repest paregreph b.5.) 6,6
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6.5.1.7 Polacisx (emmend Outaut (lelisch Off)
L.5.1.7.1 Nessure the voltege output et test set test point 9.

The voltege shell be 0.6 .25 Vde.
£.5.1.7.2 Messure the voltage output ot test set test point 7.

The voltege shall be -3.5 21.S Vde.
4.5.1.8 Polacity Comand Outpus (Switch On)
4.5.1.8.1 Meesure the voltege output o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>